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SKELETAL AGE AS A PREDICTOR OF SCHOOL READINESS 
IN "PROJECT HEAD START" CHILDREN
CHAPTER I  
INTRODUCTION
The pu rp o se  o f  t h i s  s tu d y  i s  to  i n v e s t i g a t e  the  u s e f u ln e s s  
o f  s k e l e t a l  age a s  a p r e d i c t o r  o f  school r e a d i n e s s .
Throughout the  U n ite d  S t a t e s ,  the p r e s e n t  e d u c a t io n a l  s y s ­
tem i s  o rg a n iz e d  so t h a t  a c h i l d  o f  c h ro n o lo g ic a l  age s i x  y e a r s  i s  
a u t o m a t i c a l l y  c o n s id e re d  e l i g i b l e  fo r  s ch o o l .  Not o n ly  i s  he con­
s id e r e d  e l i g i b l e ,  b u t  b a r r i n g  any s e r io u s  i l l n e s s e s  o r  e x t e n u a t in g  
c i rc u m s ta n c e s ,  h i s  e n ro l lm e n t  in  the f i r s t  g rade  i s  m andato ry . While 
from a p ra g m a tic  p o i n t  o f  view  t h i s  i s  a u s e f u l  method o f  e s t i m a t in g  
the  a d v i s a b le  time f o r  s c h o o l  e n t r a n c e ,  i t  i s  b a s i c a l l y  a v e ry  crude 
one and seems to  ig n o re  th e  developm ental c h a r a c t e r i s t i c s  and r a t e s  
o f  th e  i n d i v i d u a l  i n  f a v o r  o f  th e  average . L i t t l e  c o n s i d e r a t i o n ,  i f  
any, has  been g iv e n  to  th e  c h i l d ' s  r e a d in e s s  on any grounds o th e r  
than  h i s  c h r o n o lo g ic a l  a g e .  The assum ption  i s  made t h a t  th e  c h i ld  
has a m en ta l age f a l l i n g  w i t h i n  the  average o r  above av e ra g e  ra n g e .  
Thus, i n t e l l e c t u a l  l e v e l  and c h ro n o lo g ic a l  age a r e  p r e s e n t l y  the 
p r im ary  and m ost o f t e n  th e  o n ly  c r i t e r i a  n e c e s s a ry  o r  c o n s id e r e d  in  
p l a c in g  a c h i l d  in  th e  f i r s t  g ra d e .  However, t h e r e  i s  a c o n s id e r a b le
2amount o f  d a ta  r e v e a l i n g  t h a t  many c h i l d r e n  o f  average  i n t e l l i g e n c e  
have a g r e a t  d e a l  o f  d i f f i c u l t y  i n  the  f i r s t  grade and seem e i t h e r  
to  develop  o r  have co n co m itan t  e m o tio n a l  d i f f i c u l t i e s .  The f i r s t  
g rade  i s  the  fo u n d a t io n  o f  many p r o c e s s e s  and f u n c t io n s  f o r  a c h i l d ,  
the  a c q u i s i t i o n  o f  w hich in v o lv e s  more th a n  h i s  i n t e l l e c t u a l  s p h e re .  
The e d u c a t io n a l  system  does n o t  e v a l u a t e  a c h i l d ' s  o v e r a l l  l e v e l  o f  
m a tu r i t y  o r  h i s  o v e r a l l  r e a d i n e s s  f o r  s ch o o l .
T h is  r e s e a r c h  h as  as  i t s  b a s i c  p rem ise  t h a t  the  o v e r a l l  
l e v e l  o f  m a tu ra t io n  i s  an im p o r ta n t  f a c t o r  in  the  a b i l i t y  to  make 
use  o f  c e r t a i n  e x p e r i e n c e s .  As such ,  i t  may be v a lu a b le  i n  e v a l u a t i n g  
the  time o f  s ch o o l e n t ra n c e  f o r  each  c h i l d .  W ith in  r e c e n t  y e a r s ,  
e d u c a to r s  have become aware o f  th e  need  f o r  f l e x i b i l i t y  i n  the  sch o o l 
e n t r a n c e  age f o r  any g iv e n  c h i l d .  E s s e n t i a l l y ,  th e  in c r e a s in g  con­
c e rn  w i th  t h i s  h a s  been  s t im u la t e d  by th e  aw areness  o f  developm enta l 
d i f f e r e n c e s  among c h i l d r e n  in  r e l a t i o n s h i p  to  the  deg ree  o f  l e a r n in g  
th e y  can a t t a i n  (W eiss, 1962; Wickens & Meyer, 1961).
The pu rpose  o f  t h i s  r e s e a r c h  i s  to  i n v e s t i g a t e  one p o s s i b l e  
te c h n iq u e  o f  e v a l u a t i n g  th e  r e a d i n e s s  o f  a g iven  c h i ld  to  a s s i m i l a t e  
th e  e x p e r ie n c e s  p ro v id e d  d u r in g  th e  f i r s t  g rad e .
The a u th o r  a r r i v e d  a t  th e  p r e s e n t  s tu d y  on the  b a s i s  o f  s ev ­
e r a l  a v a i l a b l e  s o u rc e s  o f  d a ta  which le a d  to  f iv e  g e n e ra l  p r i n c i p l e s  
a p p l i c a b l e  to  developm enta l p sy ch o lo g y .  F i r s t ,  the  c o n ce p ts  o f  "m at­
u r a t i o n "  and " r e a d in e s s "  a re  l e g i t i m a t e  ways o f  c o n c e p tu a l i z in g  th e  
p r o g r e s s io n  o f  a c h i l d  (A u s a b e l ,1958).  There i s  enough ev id en ce  on 
b o th  an an im al and human l e v e l  to  s u p p o r t  the  s i g n i f i c a n c e  o f  m a tu ra ­
t i o n .  Second, s k e l e t a l  age seems to  be an ex tre m e ly  good index  o f
3the  r a t e  o f  m a tu r a t io n ,  b u t  i s  u sed  r e l a t i v e l y  l i t t l e  i n  p r a c t i c a l  
work w i th  c h i l d r e n  ( J o h n s to n ,  1963; M. C. J o n e s ,  1965). T h i rd ,  d u r ­
ing  th e  p a s t  f i f t e e n  y e a r s ,  a growing l i t e r a t u r e  has  accum ula ted  
d e m o n s t ra t in g  the  b e h a v i o r a l  c o r r e l a t e s  o f  the  r a t e  o f  p h y s ic a l  mat­
u r a t i o n  i n  a d o le s c e n t s  and th e  c o n t in u a t i o n  o f  th e se  p e r s o n a l i t y  
t r a i t s  on i n t o  ad u l th o o d  (E ic h o rn ,  1963; Jo n es  and B ay ley , 1950).
F o u r th ,  many s t u d i e s  have i l l u s t r a t e d  the  low b u t  p o s i t i v e  r e l a t i o n ­
s h ip  betw een  th e  r a t e  o f  s k e l e t a l  m a tu ra t io n  and i n t e l l i g e n c e  (E ic h o rn ,  
1963). F i f t h ,  s e v e r a l  new s t u d i e s  have d e a l t  w i th  and o b ta in e d  p o s i ­
t i v e  r e l a t i o n s h i p s  betw een th e  l e v e l  o f  m a tu ra t io n  and c e r t a i n  sch o o l 
ach ievem ent m easures (W eiss , 1962).  The fo l lo w in g  i s  a rev iew  o f  
th e  l i t e r a t u r e  i n  th e s e  f i v e  a r e a s .
The Concept o f  M a tu ra t io n  
M a tu ra t io n  has  been  a c e n t r a l  i s s u e  s in c e  th e  v e ry  in c e p t io n  
o f  deve lopm en ta l  s tu d y .  The meaning o f  t h i s  c o n ce p t  h a s  been am biguous, 
c louded  by v a r io u s  i n t e r p r e t a t i o n s  and endowed w i th  a d i v e r s i t y  o f  
c o n n o ta t io n s ,  s in c e  i t  was f i r s t  in t ro d u c e d  (F ran k ,  1950; Hebb, 1958; 
Wickens & Meyer, 1961). I n i t i a l l y ,  one would th in k  t h a t  a m u l t i tu d e  
o f  r e f e r e n c e s  cou ld  be found under  th e  h e ad in g  " m a t u r a t i o n . "  T h is  i s  
n o t  th e  c a s e ,  however, and u nder  " m a tu ra t io n "  the P s y c h o lo g ic a l  Ab­
s t r a c t s  i n  1964 and 1965 had o n ly  5 and 9 l i s t i n g s ,  r e s p e c t i v e l y .  
However, th ro u g h o u t  th e  l i t e r a t u r e  one f r e q u e n t l y  f in d s  the  te rm  used  
w i th o u t  s p e c i f i c a t i o n ,  w i th o u t  any o p e r a t i o n a l  d e f i n i t i o n  and o f t e n  
used  a s  i f  synonymous w i th  the  term s "grow th"  and "d ev e lo p m en t ."  A l l  
th r e e  te rm s have a good d e a l  i n  common and a l l  r e f e r  to  the  g e n e ra l
4co n c e p t  o f  some o n -g o in g  p ro c e s s  in  a c h i l d  b u t  th e y  a re  t e c h n i c a l l y  
d i f f e r e n t  term s (F ra n k ,  1950).  A usabel makes th e  d i s t i n c t i o n  in  
th e s e  term s r e l a t i v e l y  c l e a r .  He s t a t e s  t h a t  m a tu ra t io n  sh o u ld  be 
used  to  r e f e r  t o  t h a t  p o r t i o n  o f  an i n c r e a s e  o r  change in  c a p a c i t y  
due to  "g e n ic  i n f l u e n c e  a n d /o r  i n c i d e n t a l  e x p e r i e n c e "  (1958, p .  8 1 ) .
The c o n fu s io n  o f t e n  found betw een m a tu r a t io n  and grow th 
stem s o u t  o f  th e  f a i l u r e  to  d i s t i n g u i s h  between two e n t i r e l y  in d e p en ­
d e n t  d im ensions  o f  developm ent.  On th e  one hand, th e r e  i s  the  dimen­
s io n  o f  developm ent w hich o c c u r s  w i th  th e  p a r t i c i p a t i o n  and p r i m a r i l y  
a s  a r e s u l t  o f  s p e c i f i c  p r a c t i c e .  On the  o th e r  hand, th e r e  i s  the 
k in d  o f  developm ent t h a t  has  a t  i t s  co re  g e n e t i c  i n f lu e n c e s  and p o s ­
s i b l e  i n c i d e n t a l  e x p e r i e n c e s .  The l a t t e r  d im ension  o f  developm ent 
i s  w hat w i l l  i n  t h i s  p a p e r  be c a l l e d  m a tu r a t io n .  The form er d im ension  
o f  developm ent i s  w ha t i s  u s u a l l y  r e f e r r e d  to  a s  p ro g re s s  th ro u g h  th e  
l e a r n i n g  p r o c e s s e s .  For A u sab e l ,  "Growth may be used  to  d e s ig n a te  
r e l a t i v e l y  pe rm anen t changes i n  th e  n e u ro a n a to m ic a l  and n e u ro p h y s io -  
l o g i c a l  s u b s t r a t e  o f  b e h a v io r "  (1958, p .  8 1 ) .  Growth, how ever, 
r e f e r s  o n ly  to  s u b s t r a t e  c o r r e l a t e s  o f  o v e r t  deve lopm en ta l change, 
w he the r  due to  l e a r n i n g  o r  m a tu r a t io n .  Development i s  a term  then  
t h a t  shou ld  be u s e d  to  encompass b o th  o f  th e s e  d im ensions  o f  in c rem en t 
i n  c a p a c i t y ,  due to  e i t h e r  o r  b o th  m a tu ra t io n  and grow th, w i th o u t  
any im p l i c a t io n s  a b o u t  th e  im portance  o f  th e s e  i n t e r a c t i n g  v a r i a b l e s .  
Growth i s  a c t u a l l y  a measurement o f  m a tu ra t io n .
T h is  c o n fu s io n  o f  the  th r e e  te rm s has  a t  tim es  become 
so g r e a t  t h a t  some have ad v o ca ted  do ing  away w i th  two o f  th e  te rm s ,  
m a in ta in in g  t h a t  th e y  a re  re d u n d a n t  (F rank ,  1950).  F rank (1950)
5a t te m p ts  to  j u s t i f y  the use  o f  the  te rm  " m a tu ra t io n "  v iew ing  i t  as 
r e f l e c t i n g  an a s p e c t  o f  th e  o v e r a l l  ongoing  p ro c e s s  o f  a c h i l d  which 
can  be d i f f e r e n t i a t e d  from growth and developm ent in  a way s i m i l a r  
to  A u s a b e l 's  d i f f e r e n t i a t i o n ,  p r e v io u s l y  c i t e d .
The human o rgan ism  i s  c l e a r l y  n o t  s t a t i c  b u t  i s  c o n t in u o u s ly  
u n d e rg o in g  change and movement. T h is  change a p p ea rs  to  b e ,  w i t h i n  
b o u n d a r ie s ,  an o r d e r l y ,  r e g u l a r  and r e l a t i v e l y  p r e d i c t a b l e  p ro c e s s  
(F ran k ,  1950; G re u l ic h ,  1950; H o f s t a e t t e r ,  1951; H. J o n e s ,  1958; 
McCandless, 1961).  T h is  p ro c e s s  in v o lv e s  g row th , developm ent, m a tu ra ­
t i o n ,  i n v o l u t i o n ,  and a g in g ,  which a re  o p e r a t in g  from c o n c e p t io n  to  
d e a th .  Each c h i l d  w i l l  grow in  w e ig h t ,  h e i g h t ,  v a r io u s  c a p a c i t i e s ,  
e t c . ,  b u t  each  c h i l d  w i l l  do so a t  a r a t e  un ique  to  him. T h is  r a t e  
i s  th e  c ru x  o f  th e  con cep t o f  m a tu r a t io n .  I n  many r e s p e c t s ,  growth 
i s  a q u a l i t a t i v e  o r  q u a n t i t a t i v e  way o f  m easuring  th e  m a tu ra t io n  
p r o c e s s .  F rank  s t a t e s ,  "M a tu ra tio n  m e r i t s  r e c o g n i t i o n  and s tu d y  as 
im p ly ing  a  dynamic o p e r a t io n  which h a s  no te rm in a l  p o i n t  o r  f ix e d  
norms b u t  i s  p r o g r e s s i v e l y  a t  work. M a tu ra t io n  i s  a s e r i e s  o f  t r a n s ­
fo rm a t io n s  th ro u g h  t im e"  (1950, p .  2 2 ) .  O lson  (1949) s t a t e s  t h a t  
" m a tu ra t io n "  r e f e r s  to  the  developm ent o f  an o rganism  in  re s p o n se  
to  i n t e r n a l  s t i m u l i  im p e l l in g  i t  tow ard grow th . Wickens and Meyer 
(1961) s t a t e  t h a t  m a tu ra t io n  im p lie s  t h a t  th e  u n d e r ly in g  s t r u c t u r a l  
changes t h a t  can be o bse rved  in  th e  o rgan ism  a re  b i o l o g i c a l l y  d e t e r ­
mined and a r e  r e l a t i v e l y  ind ep en d en t o f  e n v iro n m e n ta l  f o r c e s .
W etze l s t a t e s  t h a t  th e  m a tu r a t io n  p ro c e s s  i s  r e l a t e d  to  an 
i n h e r e n t  im pulse  to  grow th, and he w r i t e s ,  " m a tu ra t io n  i s  n o t  d i r e c t l y  
r e l a t e d  to  ag e ,  s i z e ,  b u t  to  a more fundam enta l and c r i t i c a l  p r o p e r ty
6v i z .  maximum d e c e l e r a t i o n  o f  growth and developm ent, and th ro u g h  t h i s  
o n ly  i n d i r e c t l y  to  age"  (1941, p .  1188). One can t a l k  ab o u t th e  growth 
o f  a c h i l d ' s  s k e le t o n  i n  s i z e  te rm s, b u t  t h i s  i s  j u s t  one phase o f  p r o ­
g re s s  toward m a tu r i t y .  M easuring the  s i z e  o f  v a r io u s  bones , e t c . ,  
and a r r i v i n g  a t  a measurement ( fo r  exam ple, o f  h e i g h t ) ,  in v o lv e s  a 
q u a n t i t a t i v e  d im ension  (Krogman, 1950). However q u a n t i t y  i s  n o t  enough 
and the  q u a l i t y  o f  the  c h i l d ' s  p ro g re s s  toward the  u l t im a te  c o n d i t io n  
i s  n e c e s s a ry  to  g a in  a t o t a l  p i c t u r e  o f  any g iven  o rgan ism . In  t h i s  
s e n s e ,  Krogman s t a t e s ,  "We use  s k e l e t a l  age n o t  a s  a c o r r e l a t e ,  b u t  
as  a m easuring  u n i t ,  a s ta n d a rd  a g a i n s t  which m o rp h o lo g ica l  (d im e n s io n a l  
and o b s e r v a t i o n a l )  m a tu r i t y  can be m easured" (1950, p .  2 6 ) .
A usabel (1958) s t a t e s  t h a t  th r e e  k in d s  o f  e m p i r ic a l  d a ta  
s u p p o r t  the  o c c u rre n c e  o f  m a tu ra t io n .  The f i r s t  i s  the  ev id en ce  t h a t  
th e re  can be deve lopm enta l p ro g re s s  when th e  o p p o r tu n i ty  f o r  p r a c t i c e  
i s  e x p e r im e n ta l ly  o r  o th e rw is e  r e s t r i c t e d .
The second k in d  o f  e m p ir ic a l  ev id en ce  A usabel s u g g e s ts  a t ­
t e s t i n g  to  th e  o c c u r re n c e  o f  m a tu ra t io n ,  i s  t h a t  s p e c i f i c  p r a c t i c e  has  
no e f f e c t  on developm ent u n t i l  a c e r t a i n  s ta g e  o f  r e a d i n e s s  i s  r eac h ed  
in  the  absence  o f  i n t e r v e n in g  p r a c t i c e .  T h i rd ly ,  when one ex c lu d e s  
in t e r v e n in g  p r a c t i c e ,  t r a i n i n g  i s  more e f f i c a c i o u s  a t  a l a t e r  age than  
i t  would have been  a t  an e a r l i e r  age.
There a r e  numerous exp er im en ts  w i th  bo th  an im als  and humans 
t h a t  i l l u s t r a t e  o b s e rv a b le  b e h a v io r  which can be a t t r i b u t e d  to  th e  
m a tu r a t i o n a l  p ro c e s s  i n  th e  organism  (Harlow, 1959; Hebb, 1958; Hudson, 
1940; S t r a y e r ,  1930).
Any r e s e a r c h  u t i l i z i n g  the  co n ce p t o f  m a tu ra t io n  must make
7e x p l i c i t  the  meaning a p p l i e d  to  th e  te rm  and d e f in e  i t  o p e r a t i o n a l l y .  
A u s a b e l 's  d e f i n i t i o n  o f  m a tu ra t io n  i s  th e  approach  assumed i n  t h i s  
r e s e a r c h .  A usabel s t a t e s ,  " m a tu ra t io n  r e f e r s  to  any in s ta n c e  o f  de ­
ve lopm ent ( i . e .  change i n  the  s t a t u s  o f  u n d e r ly in g  p ro c e s s  o f  a b e ­
h a v i o r a l  t r a i t )  t h a t  t a k e s  p la c e  i n  the  d em o n s trab le  absence o f  s p e c i f i c  
p r a c t i c e  e x p e r ie n c e "  (1958, p .  8 1 ) .  The p ro p o sed  index  o f  m a tu r a t io n  
in  t h i s  s tu d y ,  s k e l e t a l  ag e ,  meets th e  p r im e  re q u ire m e n t  o f  t h i s  
d e f i n i t i o n ,  s in c e  s p e c i f i c  p r a c t i c e  can l o g i c a l l y  be exc luded  as  i n ­
f lu e n c in g  th e  r a t e  o f  a n a to m ic a l  developm ent.  The co n cep t o f  m a tu ra ­
t i o n  h as  i n h e r e n t  i n  i t  th e  assum ption  t h a t  changes can ta k e  p l a c e  i n  
th e  o rganism  which a r e  p r i m a r i l y  a r e s u l t  o f  and paced by i t s  p h y s io ­
l o g i c a l  and g e n e t i c  makeup. The n o t io n  t h a t  th e s e  changes a r e  p r i m a r i l y  
b u t  n o t  t o t a l l y  a f u n c t i o n  o f  g e n e t i c  makeup i s  b a s i c  to  the  c o n c e p t  
b ecau se  a l l  change i n  th e  u n d e r ly in g  s u b s t r a t e  o f  b e h a v io r  i s  a l s o  i n  
p a r t  a p ro d u c t  o f  e n v iro n m en t.
Hebb (1958) p o i n t s  o u t  t h a t  m a tu r a t i o n  as a co n ce p t does n o t  
e x c lu d e  en v iro n m en ta l  i n f l u e n c e s  such  as  p r e  and p o s t n a t a l  chem ica l  
and n u t r i t i v e  s u r ro u n d in g s .  I t  r e f e r s ,  a s  A usabel s t a t e s ,  to  i n s t a n c e s  
where s p e c i f i c  p r a c t i c e  can be e x c lu d ed .  The absence o f  s p e c i f i c  
p r a c t i c e  i s  i n  no way e x c lu d in g  e n v iro n m e n ta l  in f l u e n c e s .
The second c o n c e p t  t h i s  r e s e a r c h  must d e f in e  i s  " r e a d i n e s s . "  
A usabel a l s o  p ro v id e s  t h i s ,  s t a t i n g :
R ead in ess  i s  a term which s i g n i f i e s  t h a t  the 
c u r r e n t  d ev e lo p m en ta l  s t a t u s  o f  an  o rgan ism  i s  such 
t h a t  a r e a s o n a b ly  econom ical in c re m e n t  in  c a p a c i ty  
may be a n t i c i p a t e d  i n  re s p o n se  to  a d e q u a te  s t im u ­
l a t i o n  . . . i r r e s p e c t i v e  o f  how t h i s  s t a t u s  i s  
a ch iev ed  o r  th e  type  o f  s t i m u l a t i o n  t h a t  i s  a p p l i e d "
(1958, p .  8 1 ) .
8A ccep tin g  th e  c o n c e p t  o f  m a tu ra t io n  im p l ie s  the  assu m p tio n  
t h a t  c e r t a i n  b e h a v io r  w i l l  n o t  o ccu r  u n t i l  th e  n e c e s s a ry  s t r u c t u r a l  
changes  have dev e lo p ed .  I t  f u r t h e r  has  i n h e r e n t  i n  i t  th e  im p l ic a t io n  
t h a t  w i t h i n  l i m i t s ,  l e a r n i n g  i s  more e f f i c i e n t  when s t r u c t u r a l  growth 
i s  a t  an  optimum l e v e l  th a n  i t  i s  when growth i s  l e s s  advanced . Thus, 
i f  we a r e  to  ta k e  ad v an tag e  o f  m a tu r a t io n a l  i n f l u e n c e s ,  i n v e s t i g a t i o n s  
i n t o  the  f a c t o r s  t h a t  r e v e a l  any a s p e c t  o f  the  m a tu r a t io n a l  s t a t u s  o f  
th e  i n d i v i d u a l  i s  n e c e s s a r y  and j u s t i f i e d  ( J e r s i l d ,  1960).
M a tu ra t io n  h as  many im p l i c a t io n s  f o r  the  l e a r n in g  p r o c e s s .
A w e l l  r e c o g n iz e d  d e te rm in a n t  in  l e a r n in g  i s  th e  m o t iv a t io n  o f  the  
c h i l d .  S tu d ie s  in  " r e a d i n e s s "  r e v e a l  t h a t  c h i l d r e n  l e a r n  w i th  more 
z e s t ,  more e f f i c i e n t l y  and w i th  more seco n d a ry  g a in  when th e y  a re  a t  
th e  r i g h t  s t a g e  o f  m a tu r a t io n  f o r  a g iv e n  t a s k .  R esearch  i n d i c a t e s  
t h a t  i f  a c h i l d  i s  exposed  to  a s i t u a t i o n  b e fo re  he i s  r e a d y  o r  capab le  
o f  making a d eq u a te  p r o g r e s s  t o  le a d  to  some s e l f - s a t i s f a c t i o n ,  he 
may deve lop  u n fa v o ra b le  a t t i t u d e s  toward t h i s  s i t u a t i o n  and o th e r s  
r e l a t e d  to  i t .  When a c h i l d  i s  n o t  a b le  to  a s s i m i l a t e  a g iv e n  s e t  
o f  e x p e r ie n c e s  and i s  c o n s e q u e n t ly  u n ab le  t o  ach iev e  a t  h i s  l e v e l  o f  
a b i l i t y ,  he te n d s  to  w ith d raw , w i th  r e s u l t a n t  lo w er in g  in  i n t e n t  and 
m o t iv a t io n  (W eiss, 1962).
Thus emerges from t h i s  l i t e r a t u r e  th e  f i r s t  g e n e r a l i z a t i o n  
t h a t  can be made. M a tu ra t io n  i s  an im p o r ta n t  co n ce p t in  deve lopm en ta l 
p s y ch o lo g y  and i s  c r u c i a l  to  " r e a d in e s s "  and l e a r n i n g  in  g e n e r a l .  Any 
s tu d y  l e a d in g  to  a b e t t e r  u n d e r s ta n d in g  o f  th e  r o l e  m a tu ra t io n  p la y s  
i n  s c h o o l  r e a d i n e s s  w i l l  be a v a lu a b le  c o n t r i b u t i o n  to  t h i s  f i e l d .
9I n d ic e s  o f  M a tu ra t io n  
T r a d i t i o n a l l y ,  c h r o n o lo g ic a l  age h a s  been  one o f  th e  m ost 
p o p u la r  ways o f  c l a s s i f y i n g  a c h i l d ' s  l e v e l  o f  m a tu ra t io n .  The r e ­
l a t i o n s h i p  between c h r o n o lo g ic a l  age and th e  a b i l i t y  to  develop  
s p e c i f i c  s k i l l s  o r  to  a s s i m i l a t e  c e r t a i n  e x p e r ie n c e s  was, o f  c o u r s e ,  
r e c o g n iz e d  c e n t u r i e s  ago (Wickens & Meyer, 1961).
C h ro n o lo g ic a l  age i s  a u s e f u l  method f o r  d ev e lo p in g  norms 
as  to  when th e  average  c h i l d  s i t s ,  w a lk s ,  sp e a k s ,  e t c .  However, 
c h ro n o lo g ic a l  age r e p r e s e n t s  o n ly  one a s p e c t  o f  grow th , and does n o t  
p ro v id e  a p h y s i o l o g i c a l ,  n e u r o lo g i c a l ,  o r  a n a to m ic a l  p i c t u r e  o f  the  
i n d i v i d u a l .  E ich o rn  (1963) s t a t e s  t h a t  i t  i s  now a x io m a tic  among 
s tu d e n t s  o f  development t h a t  ov e r  the  span  from c o n c e p t io n  th rough  
a d o le s c e n c e ,  c h r o n o lo g ic a l  age becomes a p r o g r e s s i v e l y  p o o re r  p r e d i c t o r  
o f  an i n d i v i d u a l ' s  s i z e ,  w e ig h t ,  e t c . ,  and many o th e r  c h a r a c t e r i s t i c s .  
E v idence  f o r  th e  p r o g r e s s iv e  inadequacy  o f  c h r o n o lo g ic a l  age as an 
in d ex  o f  m a tu ra t io n  h a s  been p ro v id ed  by a l a r g e  number o f  s t u d i e s  
and v a r io u s  methods o f  e x p r e s s in g  m a tu ra t io n  have been p roposed  as  
s u b s t i t u t e s  f o r ,  o r  a d ju n c t s  to  c h ro n o lo g ic a l  age (E ich o rn ,  1963; 
F a lk n e r ,  1962; McCandless, 1961).
A common method o f  comparing c h i l d r e n  and e s t a b l i s h i n g  some 
index  o f  m a tu ra t io n  as an a d ju n c t  to  c h r o n o lo g ic a l  age has  been in  
te rm s o f  t h e i r  w e ig h t  and h e i g h t .  U su a l ly ,  i f  a c h i ld  i s  abou t as 
t a l l  and as heavy as th e  av e ra g e  c h i ld  o f  h i s  c h ro n o lo g ic a l  ag e ,  i t  
i s  assumed t h a t  h i s  developm ent i s  p ro c e e d in g  s a t i s f a c t o r i l y .  How­
e v e r ,  th e  use  o f  w e ig h t  and h e i g h t ,  a t  l e a s t  i n  t h i s  c o u n t ry ,  becomes 
a d o u b t f u l  measure b eca u se  o f  th e  g e n e t i c  d i v e r s i t y  and d i f f e r e n c e s  in
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n u t r i t i o n a l  l e v e l .  W eight and h e i g h t  a re  h ig h ly  in f lu e n c e d  by p a ­
r e n t a l  s i z e ,  e t c . ,  and th e  k in d  o f  d i e t  a c h i l d  h a s  had ,  so t h a t  a 
norm m igh t f i t  a g iven  group o f  c h i ld r e n  b u t  be t o t a l l y  u n s u i t a b l e  f o r  
a n o th e r  group (Jo h n s to n ,  1964).
I n  d i s c u s s in g  th e  p rob lem  o f  f in d in g  a dependable  i n d i c a t o r  
o f  th e  r a t e  o f  m a tu ra t io n  G re u l ic h  and P y le  s t a t e  :
As a p e o p le ,  how ever, we a re  v e ry  h e te ro g e n e o u s  
i n  n a t i o n a l  and , t o  some d eg ree ,  r a c i a l  o r ig i n . .  Even 
among th e  White p o p u la t io n  o f  t h i s  c o u n t ry  t h e r e  a re  
such d iv e r s e  ty p es  a s  s h o r t - s t a t u r e d  M e d ite r ra n e a n  
p e o p le ,  t a l l e r ,  h e a v i e r  S cand inaveans ,  and more 
m o d e ra te ly - s i z e d  p eo p le  o f  C e n t r a l  European  o r i g i n ,  
to  m ention  o n ly  a few. In  a d d i t i o n ,  and p e rh a p s  
more im p o r ta n t ,  t h e r e  i s  a lm o s t  ev e ry  p o s s i b l e  mix­
tu r e  between th e s e  and th e  numerous o t h e r  s t r a i n s  
t h a t  compose th e  p o p u la t io n  o f  th e  U n ite d  S t a t e s .  I t  
i s  t h i s  g e n e t i c  d i v e r s i t y ,  p lu s  s i g n i f i c a n t  d i f f e r e n c e s  
in  n u t r i t i o n a l  l e v e l ,  t h a t  a r e  l a r g e l y  r e s p o n s i b l e  f o r  
th e  f a c t  t h a t  in  t h i s  c o u n t ry  h e ig h t - w e ig h t - a g e  t a b l e s ,  
w h i le  f i t t i n g  th e  p a r t i c u l a r  group o f  c h i l d r e n  on whom 
th e y  were o r i g i n a l l y  based ,  a r e  seldom w h o lly  s a t i s ­
f a c t o r y  when a p p l i e d  to  o t h e r  g roups .
There i s  a n o th e r  f a c t o r  which makes i t  d i f f i c u l t  
to  d e te rm in e  th e  deve lopm en ta l s t a t u s  o f  c h i l d r e n  from 
t h e i r  h e i g h t ,  w e ig h t  and age a lo n e .  The e x i s t e n c e  o f  
e a r ly - m a tu r in g  as  w e l l  as  l a t e - m a tu r in g  s t r a i n s  i n  our 
p o p u la t io n  makes f o r  a wide d i f f e r e n c e  in  th e  age a t  
o n s e t  o f  p u b e r ty  and, c o n se q u e n t ly ,  i n  th e  age a t  
which th e  maximum an n u a l  inc rem en t in  h e i g h t  - -  the  
s o - c a l l e d  p r e a d o l e s c e n t  s p u r t  o f  g ro w th - -o c c u r s .  Be­
cau se  o f  t h i s  v a r i a b i l i t y ,  the  c h r o n o lo g ic a l  age o f  a 
c h i l d  d u r in g  th e  e a r l y  p a r t  o f  the  second decade o f  
l i f e  i s  o f t e n  b u t  l i t t l e  more th a n  a m easure o f  the  
l e n g th  o f  tim e he o r  she h as  l i v e d ;  i t  b e a r s  no n e c e s ­
s a r i l y  c lo s e  r e l a t i o n s h i p  to  th e  amount o f  p ro g re s s  
which the  c h i l d  h as  made toward a t t a i n i n g  a d u l th o o d .
The d i f f i c u l t i e s  which th e s e  and o t h e r  v a r i a b l e s  
o f  b o d i ly  growth c r e a t e  f o r  th o se  who a t t e m p t  to  ap­
p r a i s e  the  deve lopm en ta l s t a t u s  o f  c h i l d r e n  have le d  
to  a s e a rc h  f o r  some dependab le  i n d i c a t o r  o f  m a tu r i t y  
w hich would, w i th i n  r e a s o n a b le  l i m i t s ,  be in d e p en d en t 
o f  b o d i l y  s i z e .  The developm en ta l s t a t u s  o f  th e  s k e le t o n
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a s  d i s c l o s e d  by an X -ra y  f i l m  o f  the  hand and w r i s t
a p p e a rs  to  meet t h i s  need  (1959, p .  1) .
Of the  many methods employed to  measure m a tu r a t io n ,  d e n t i t i o n ,  
a n th ro p o m e tr ic  m easurem ents, p h y s i o l o g i c a l  growth in  v a r io u s  o rg a n s ,  
e t c . ,  s k e l e t a l  a n a l y s i s  i s  one o f  the  most a c c u ra te  and w id e ly  used  
methods ( F lo r y ,  1936; G re u l ic h ,  1950; H o rro ck s ,  1962; J o h n s to n ,  1963; 
J o n e s ,  1965; Krogman, 1950; Todd, 1937; Woodrow & L o w e ll ,  1922).  Greu­
l i c h  (1950) em phasizes  t h a t  s k e l e t a l  age i s  f a r  s u p e r i o r  to  h e i g h t  
and w e ig h t  a s  a nuance o f  the m a tu r a t i o n a l  p ro g re s s  o f  a c h i l d .  He 
s t a t e s  t h a t  the  co rrespondence  be tw een  the m a tu ra t iv e  changes  in  the  
r e p r o d u c t iv e  and s k e l e t a l  system s i s  so in t im a te  t h a t  i t  i s  p o s s i b l e  
to  p r e d i c t  when the  menarche w i l l  o c c u r  on the  b a s i s  o f  an  X -ra y  o f  
the  hand and w r i s t  d u r in g  the  p r e - p u b e r a l  p e r io d .  The method o f  
s k e l e t a l  a n a l y s i s  u s e s  th e  d eg ree  o f  o s s i f i c a t i o n  m easured by  X -ra y  
te c h n iq u e s  to  de te rm ine  the  i n d i v i d u a l ' s  l e v e l  o f  s k e l e t a l  m a tu r i t y .
The use  o f  t h i s  method as  an index  o f  the  r a t e  o f  m a tu r a t io n  d a te s  
back  to  th e  b e g in n in g  o f  the  p r e s e n t  c e n tu ry  (H icky, 1906; R o tch ,
1908).  There have been  s e v e r a l  a t t e m p t s  a t  d ev e lo p in g  th e  te c h n iq u e s  
f o r  e s t a b l i s h i n g  s k e l e t a l  age by  means o f  c a r p a l  X -ray s  and in  f o r ­
m u la t in g  the  norms upon which com parison  cou ld  be made. ( F lo r y ,  1936; 
G re u l ic h  and P y le ,  1959; Todd, 1 9 3 7 ) .  G re u l ic h  and Py le  a re  the  
most r e c e n t  and seem to  be the  s t a n d a r d s  used  by the  new est s t u d i e s .  
E ic h o rn  (1963) a l s o  r e p o r t s  in  a re v ie w  o f  the  l i t e r a t u r e  t h a t  the  
h ig h  c o r r e l a t e s  betw een s k e l e t a l  m a tu r a t i o n  and o t h e r  m e asu re s ,  such  
as  th e  ap pea rance  o f  seco n d ary  s e x u a l  c h a r a c t e r i s t i c s  and grow th  s p u r t s  
i n  h e i g h t ,  have been  w e l l  docum ented. Jones  (1965) compared s k e l e t a l
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m a tu r a t i o n  as  an Index w i th  many o th e r  m easures o f  p h y s i c a l  m a tu ra t io n  
and found  s k e l e t a l  age to  be th e  most c o n s i s t e n t  and to  have the  
h i g h e s t  o v e r a l l  c o r r e l a t i o n  w i th  th e  o th e r  m easu res .
R a te  o f  M a tu ra t io n  and i t s  B e h a v io ra l  C o r r e l a t e s
There have been  many s t u d i e s  d e m o n s t ra t in g  th e  r e l a t i o n s h i p  
o f  th e  r a t e  o f  m a tu ra t io n  and v a r io u s  p s y c h o lo g ic a l  v a r i a b l e s .  M. C. 
J o n e s ,  1957; Jones  and B ay ley ,  1950; Jones  and Mussen, 1958; Mussen 
and J o n e s ,  1957, a t  the  U n iv e r s i t y  o f  C a l i f o r n i a  (The Oakland Growth 
S tu d y ) ,  have r e p o r te d  d a ta  on a l o n g i t u d i n a l  s tu d y  o f  l a t e  and e a r l y  
m a tu r in g  boys and g i r l s .  The f i r s t  o f  a s e r i e s  o f  p a p e rs  em erging 
from t h i s  l o n g i t u d i n a l  s tu d y  d e a l in g  w i th  the  s o c i a l  and p s y c h o lo g ic a l  
c o r r e l a t e s  o f  th e  r a t e  o f  m a tu r in g  began w i th  a p a p e r  by Jones  and 
B ayley  (1 950 ) .
Jones  and Bayley (1950) s e l e c t e d  o u t  o f  a group o f  90, th e  
16 m ost c o n s i s t e n t l y  s k e l e t a l l y  a c c e l e r a t e d  and th e  16 m ost s k e l e t a l l y  
r e t a r d e d  b o y s ,  and s tu d ie d  them i n t e n s i v e l y  over a p e r io d  o f  fo u r  and 
o n e - h a l f  y e a r s .  The boys ra n g ed  in  age from 13 th ro u g h  15. The s k e l ­
e t a l l y  a c c e l e r a t e d  boys were s i g n i f i c a n t l y  t a l l e r ,  h e a v i e r ,  showed 
more advanced p u b ic  h a i r  developm ent and were advanced i n  g e n i t a l  
g row th .  On p e r s o n a l i t y  m easurem ents, the  two g roups  w ere a g a in  found 
to  d i f f e r  s i g n i f i c a n t l y .  The s k e l e t a l l y  r e t a r d e d  boys w ere r a t e d  by 
a d u l t s  (on  a s c a l e  c a l l e d  th e  I n s t i t u t e  o f  C h ild  W elfa re  r a t i n g s )  as 
low er i n  p h y s i c a l  a t t r a c t i v e n e s s ,  l e s s  m a sc u l in e ,  l e s s  w e l l  groomed, 
and more c h i l d i s h .  The s k e l e t a l l y  immature c h i l d r e n  were f u r t h e r  
found t o  be l e s s  " m a t te r  o f  f a c t , "  sough t a t t e n t i o n  more, were con­
13
s id e r e d  l e s s  m ature i n  h e t e r o s e x u a l  s i t u a t i o n s ,  more u n in h i b i t e d  
and more t e n s e .  There were no s i g n i f i c a n t  d i f f e r e n c e s  in  the  a re a  
o f  p o p u l a r i t y ,  l e a d e r s h ip ,  o r  s o c i a l  e f f e c t  on a _group as  judged  by 
a d u l t s  and p e e r s  d u r in g  j u n i o r  h ig h  sch o o l .
However, Jones  (1958) found t h a t  by s e n io r  h igh  sch o o l the  
two groups cou ld  be d i s t i n g u i s h e d  on th e s e  b a s e s .  Over h a l f  the 
e a r l y  m a tu re rs  a c q u i re d  e i t h e r  the d i s t i n c t i o n  a s s o c i a t e d  w i th  o u t ­
s ta n d in g  a t h l e t i c  a b i l i t i e s  o r  were e l e c t e d  to  im p o r ta n t  s tu d e n t  o f ­
f i c e s .  The l a t e  m a tu r in g  group had on ly  one a t h l e t e  and one s tu d e n t  
o f f i c e r .
Mussen & Jo n es  (1957) a d m in is te re d  the  TAT to  a group o f  
l a t e  and e a r l y  m a tu r in g  boys . The l a t e  m a tu re rs  had more n e g a t iv e  
o r  d e ro g a to ry  s e l f - c o n c e p t s ,  blamed t h e i r  p a r e n t s  f o r  t h e i r  s t a t u s  
more, and f e l t  r e l a t i v e l y  weak, a lone  and h e l p l e s s  in  com parison to 
the  e a r l y  m a tu re r s .  The l a t e  group had h ig h e r  a f f i l i a t i v e  n eed s .
M. C. Jones  (1957) ,  r e p o r t s  on a fo l lo w -u p  s tu d y  o f  a group 
o f  40 men, age 33, who were d iv id e d  as a d o le s c e n ts  in to  e a r l y  and 
l a t e  m a tu re r s .  A lthough the  p h y s ic a l  d i f f e r e n c e s  had d is a p p e a re d ,  
so t h a t  on a s k e l e t a l  o r  p h y s io lo g i c a l  l e v e l  the  groups cou ld  n o t  
be d i s t i n g u i s h e d ,  th e y  cou ld  be d i f f e r e n t i a t e d  on s e v e r a l  p e r s o n a l i t y  
d im en s io n s .  The men who were e a r ly -m a tu r in g  boys sco red  h ig h e r  th a n  
th o se  who were l a t e - m a tu r in g  boys on m easures o f  "good im p re s s io n "  
and "dom inance ."  The e a r l y  m a tu re rs  were l e s s  r e b e l l i o u s ,  l e s s  im­
p u l s i v e ,  l e s s  s e l f - i n d u l g e n t  and l e s s  " to u c h y . " The men who were 
l a t e  m a tu r ing  boys sc o re d  s i g n i f i c a n t l y  h ig h e r  on a t e s t  o f  " su c -  
c o ra n c e "  ( th e  tendency  to  lo o k  fo r  h e lp  and s u p p o r t  from o t h e r s ) .
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Ames (1957) found t h a t  s k e l e t a l  age a s  an  Index o f  r a t e  o f  
. m a tu r a t io n  p r e d i c t e d  s o c i a l  b e h a v io r  a t  the  age o f  33 b e t t e r  th an  
any s o c i a l  measure o b ta in e d  f o r  the  s u b j e c t s  when th e y  were a d o l e s c e n t s .  
Ames a l s o  found t h a t  15 o f  the  40 men fo llo w ed  up h e ld  o c c u p a t io n a l  
p o s i t i o n s  in  which th e y  s u p e rv is e d  o r  d i r e c t e d  th e  work o f  s u b o r d in a t e s .  
Of t h i s  g roup , o n ly  t h r e e  were l a t e  m a tu re r s .  E ig h t  h e ld  some type 
o f  o f f i c e  in  a lodge o r  c i v i c  g roup , and a l l  were e a r l y  m a tu re r s .  The 
Ames s tu d y  f u r t h e r  d e m o n s t ra te s  t h a t  the  i n f l u e n c e s  o f  r a t e  o f  m a tu r­
in g  i s  n o t  c o n f in e d  to  ex trem e g ro u p s ,  b u t  i s  found w i th i n  the  mid­
ran g e  a s  i t  p r o g r e s s e s  from l a t e  t o  e a r l y  m a tu re r s .
The a d u l t  p e r s o n a l i t y  d i f f e r e n c e s  were a l s o  i n v e s t i g a t e d  by 
Jo n e s  (1957),  u s in g  th e  C a l i f o r n i a  P e r s o n a l i t y  I n v e n to ry  and th e  Edwards 
P e r s o n a l  P re fe re n c e  S c h e d u le .  A lthough the  p h y s i c a l  d i s c r e p a n c ie s  
found as  a d o le s c e n t s  betw een the  l a t e  and e a r l y  m a tu r in g  group had 
been m arkedly  re d u c e d ,  th e  b e h a v io r a l  c h a r a c t e r i s t i c s  t h a t  d i s t i n g u i s h e d  
them as a d u l t s  seemed to  rem a in .
K in s e y 's  s t a t i s t i c s  (E ic h o rn ,  1963) on a d u l t  s e x u a l  a c t i v i t y  
d em o n s tra te  b e h a v io r a l  d i f f e r e n c e s  between e a r l y  and l a t e  m a tu re r s  
c o n t in u in g  long  a f t e r  a d o le s c e n c e .  The e a r l y  m a tu re r s  were more s e x u a l ly  
a c t i v e  and m a rr ie d  e a r l i e r .  The index o f  m a tu r a t io n  K insey  used  was 
the  o n s e t  o f  p u b e r ty .
Jones  (1965) r e p o r t s  on a fo l lo w -u p  o f  th e  p eo p le  u sed  i n  
the  Oakland Growth S tu d y .  The s u b j e c t s  were i n  t h e i r  l a t e  t h i r t i e s  
and th e y  were asked  to  e s t im a te  w hether th e y  w ere l a t e  o r  e a r l y  
m a tu re r s  and f o r  t h e i r  r e t r o s p e c t i v e  memories d u r in g  a d o le sc e n c e .
Most in d i v id u a l s  e s t i m a t e d  t h e i r  r a t e  o f  m a tu r in g  i n  acc o rd  w i th  th e
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s k e l e t a l  age m easurem ents  ta k e n  d u r in g  a d o le s c e n c e .  T h e i r  e s t i m a t e s  
o f  t h e i r  p r o g r e s s iv e  s i z e ,  s t r e n g t h ,  w e ig h t ,  grow th o f  p u b ic  h a i r  and 
g e n i t a l s  were e x t re m e ly  c lo s e  to  the  r e a l  measurements t h a t  had been 
t a k e n  w i th o u t  t h e i r  knowledge o f  r e s u l t s .  Jo n es  s t a t e s  t h a t  th e  
so m a t ic  a s p e c t s  o f  m a tu r in g  m ust p la y  an im p o r ta n t  p a r t  i n  p ro d u c in g  
th e  p s y c h o lo g ic a l  p i c t u r e  t h a t  emerges f o r  any g iv e n  i n d i v i d u a l .  The 
k in d s  o f  memories t h a t  th e s e  men r e p o r te d  were a l s o  s i g n i f i c a n t l y  
d i f f e r e n t  f o r  th e  e a r l y  and l a t e  m a tu re r s .  Those who were l a t e  m a tu re rs  
d u r in g  t h e i r  d ev e lo p m en ta l  y e a r s  r e p o r t e d  a s i g n i f i c a n t l y  g r e a t e r  number 
o f  memories c o n ce rn in g  t h e i r  h e t e r o s e x u a l  o r  s o c i a l - s e x u a l  developm ent. 
W ith o u t e x c e p t io n  t h e i r  p r o to c o l s  c o n ta in e d  s i g n i f i c a n t l y  more memories 
and co n ce rn  abou t p e e r  r e j e c t i o n ,  sh y n e ss ,  and g e n e ra l  i n e p t n e s s .  The 
e a r l y  m a tu r in g  group r e p o r t e d  s i g n i f i c a n t l y  more memories o f  e n jo y in g  
s o c i a l  a c t i v i t i e s .
Many s t u d i e s  have dem o n stra ted  t h a t  e a r l y  and l a t e  m a tu r in g  
g ro u p s  were s i g n i f i c a n t l y  d i f f e r e n t  i n  h e i g h t ,  w e ig h t ,  body b u i l d ,  
s eco n d ary  se x u a l  c h a r a c t e r i s t i c s ,  a t h l e t i c  perfo rm ance  and b a s a l  
m e ta b o l ic  r a t e  (E ic h o rn  1955, 1963). For th e  most p a r t  th e  p h y s i c a l  
d i s c r e p a n c ie s  in c r e a s e d  to  a maximum a t  age 15 and d im in ish e d  a f t e r  
t h a t .  However, where th e  g roups were fo l lo w e d  in to  ad u l th o o d  the  
v a r io u s  p e r s o n a l i t y  t r a i t s  and s o c i a l  o r i e n t a t i o n  p e r s i s t e d .  Thus, 
i t  a p p e a rs  t h a t  once s u ch  d i f f e r e n t i a t i o n  i s  e s t a b l i s h e d ,  so m a t ic  
f a c t o r s  such as a s h i f t  tow ard a m ature body b u i l d ,  e t c . ,  f o r  the  
l a t e  m a tu re r ,  do n o t  n e c e s s a r i l y  produce  co n co m ita n t  s h i f t s  i n  h i s  
s o c i a l  s t a t u s ,  p e r s o n a l i t y  o r g a n iz a t i o n  and r e p u t a t i o n  among p e e r s .
A l e g i t i m a t e  q u e s t io n  t o  be r a i s e d  i s  a t  w hat s ta g e  o f  developm ent in
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Che l a t e  m a tu re r  do th e se  b e h a v io r a l  v a r i a b l e s ,  as  concom itan ts  o f  
p h y s i c a l  r e t a r d a t i o n ,  become I n f l u e n t i a l  and s u b s e q u e n t ly  " f i x e d . "
The need f o r  such  developm enta l r e s e a r c h ,  e s p e c i a l l y  w i th  younger 
age g ro u p s ,  becomes a p p a re n t .  The I n v e s t i g a t i o n  In to  the  r e l a t i o n ­
s h ip  between th e  r a t e  o f  m a tu r ing  and b e h a v io r a l  v a r i a b l e s  has  e s ­
s e n t i a l l y  been  c a r r i e d  fo rw ard  from e a r l y  a d o le s c e n c e .  E ich o rn  (1963)
e x p re s s e s  th e  need f o r  r e s e a r c h  to  b e g in  w i th  th e  same k in d  o f  s tu d y
b u t  a t  much e a r l i e r  a g e s .
M a tu ra t io n  and I n t e l l i g e n c e
I t  I s  f a i r l y  w e l l  acc ep ted  t h a t  In  c e r t a i n  ty p es  o f  m en ta l  
d e f i c i e n c y ,  such  as c r e t i n i s m ,  th e r e  I s  a d ra m a t ic  accompaniment o f  
a r r e s t e d  p h y s i c a l  g row th . Many s t u d i e s  have c o r r e l a t e d  v a r io u s  p h y s i c a l  
measurements w i th  I n t e l l i g e n c e ,  u s in g  c h i l d r e n  o f  "norm al" I n t e l l i g e n c e  
ra n g in g  In  age from 2 th ro u g h  17 y e a r s ,  and r e p o r t  a low b u t  p o s i t i v e  
c o r r e l a t i o n  (A berne thy ,  1936; B ay ley , 1940; E ic h o rn ,  1963; Mussen & 
Conger, 1956).
Terman (1925, 1947) has  I l l u s t r a t e d  th e  r e l a t i o n s h i p  a t  the  
o th e r  end o f  th e  s c a l e  and r e p o r t s  t h a t  I n t e l l e c t u a l l y  s u p e r io r  c h i l ­
d ren  were a l s o  s u p e r i o r  th ro u g h o u t t h e i r  deve lopm en ta l y e a r s  In  h e i g h t ,
age o f  w a lk in g ,  w e ig h t ,  s t r e n g t h  o f  g r i p ,  a t h l e t i c  a b i l i t i e s ,  and 
g e n e ra l  h e a l t h .  I n  th in k in g  abou t th e s e  s t u d i e s ,  and the  measurements 
th e y  have ta k e n .  I t  becomes c l e a r  t h a t  th e y  a re  In  e s se n c e  d e a l in g  
w i th  th e  " r a t e  o f  m a tu r a t i o n . "
S e v e ra l  I n v e s t i g a t o r s  have e x p lo re d  th e  r e l a t i o n s h i p  betw een 
i n t e l l e c t u a l  and p h y s i c a l  growth by means o f  s k e l e t a l  age as  th e  p h y s i c a l
17
Index. A berne thy  (1925, 1936), Ascher (1 949 ) ,  F lo ry  (1936) ,  A. T. 
Jones  (1 9 5 8 ) ,  and K lausm eier  (1959) a l l  s t a t e  t h a t  th e re  i s  a p o s i t i v e  
c o r r e l a t i o n  between m enta l and p h y s ic a l  developm ent. Kugel (1963) 
u s in g  a p o p u la t io n  o f  879 m e n ta l ly  r e t a r d e d  c h i l d r e n  found a h ig h ly  
s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  between m enta l and p h y s i c a l  d ev e lo p ­
ment. F lo ry  (1936) found t h a t  s k e l e t a l  growth as measured by c a r p a l  
bone X -ra y s  shows t h a t  m e n ta l ly  d e f e c t iv e  boys m a tu red  a t  a s low er 
r a t e  and f o r  a lo n g e r  p e r io d  o f  t im e . The m e n ta l ly  d e f i c i e n t  boys o f  
t h i s  p o p u la t io n  a l s o  m a n ife s te d  a g r e a t e r  v a r i a b i l i t y  in  s k e l e t a l  
g row th . There was a p r o g r e s s iv e  d i f f e r e n c e  in  th e  degree  o f  s k e l e t a l  
r e t a r d a t i o n  among the  v a r io u s  d eg ree s  o f  m en ta l  r e t a r d a t i o n .  For 
exam ple, th e  p ro fo u n d ly  m e n ta l ly  r e t a r d e d  were more s k e l e t a l l y  r e ­
t a rd e d  th a n  the  s e v e re ,  e t c .
H o s ie r ,  e t  a l . , (1965) c a r r i e d  o u t  a c r o s s  s e c t i o n a l  su rvey  
o f  t e n  p h y s i c a l  m easures on a p o p u la t io n  o f  2 ,472  i n s t i t u t i o n a l i z e d  
m e n ta l ly  d e f e c t iv e  p e o p le .  They found t h a t  f o r  b o th  sexes  body 
w e ig h t ,  c row n-hee l h e i g h t ,  symphysis h e e l  h e i g h t ,  b i a c r a n i a l  d iam ete r  
and b i c r i s t a l  d ia m e te r  were s i g n i f i c a n t l y  s m a l le r  in  th e  r e t a r d e d  
p o p u la t io n  th a n  in  a normal p o p u la t io n .  F u r th e r ,  the  degree  o f  im- 
p a r im e n t  i n  p h y s ic a l  growth was r e l a t e d  to  the  deg ree  o f  IQ d e f i c i t .
M a tu ra t io n  and School R ead in ess
The n o t io n  o f  u t i l i z i n g  a measure o f  m a tu ra t io n  to  su p p le ­
ment c h r o n o lo g ic a l  age and m enta l age in  p la c in g  a c h i l d  i n  a p a r t i ­
c u l a r  g rade  in  schoo l was su g g e s te d  in  th e  e a r l y  p a r t  o f  t h i s  c e n tu ry .  
(C h i l e s ,  1910; Rotch , 1910; Woodrow & L o w ell ,  1922).  Each o f  th e se
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i n v e s t i g a t o r s  p o s t u l a t e d  t h a t  " sc h o o l  g ra d in g "  shou ld  be d e te rm in e d ,  
a t  l e a s t  i n  p a r t ,  i n  te rm s o f  th e  "an a to m ic a l  age"  o f  an i n d i v i d u a l .
These a u th o r s  f u r t h e r  m a in ta in e d  t h a t  the  e n t i r e  c o n ce p t  o f  "m ental 
a g e"  was r e a l l y  m ean in g fu l  o n ly  when c o n s id e re d  in  r e l a t i o n  to  a n a to m ic a l  
a g e .  R otch  s t a t e d  :
We sh o u ld  i n v e s t i g a t e  p h y s io lo g i c  and ana to m ic  
c o n d i t io n s  i n  o u r  q u e s t  f o r  a r e l i a b l e  s ta n d a r d  o f  
developm ent.  A s t a n d a r d  based  on ana tom ic  d e v e lo p ­
ment i s  more s im ple th a n  one based  on p h y s io lo g i c
developm ent, and i s  l e s s  l i a b l e  to  be m is ta k e n  f o r
anomalous c o n d i t io n s  and v a r i a t i o n .  The norm al a n a t ­
omy o f  th e  w r i s t  i s  th e  b e s t  p a r t  o f  the  s k e l e t o n  to  
u se  as a s ta n d a rd  index  (1908, p .  1198).
D e sp ite  th e se  s u g g e s t io n s  o f  the  need f o r  a measure o f  m a tu ra ­
t i o n  o th e r  than  c h r o n o lo g ic a l  and m en ta l  age when p l a c in g  c h i l d r e n  in  
s c h o o l ,  l i t t l e  a d d i t i o n a l  r e s e a r c h  has  been done, and c e r t a i n l y  our 
e d u c a t i o n a l  system  has  r a r e l y  i f  e v e r  used  any such m easures  i n  f i r s t  
g rade  e n ro l lm e n t  p ro c e d u re s .  W ith in  r e c e n t  y e a r s ,  th e r e  h a s  begun to  
emerge an in c r e a s in g  aw areness  o f  the  need f o r  g r e a t e r  f l e x i b i l i t y  in  
th e  age o f  sch o o l e n t r a n c e .  The need f o r  some measure o f  o p t im a l  time
f o r  any g iv e n  c h i l d  to  e n t e r  s c h o o l  h a s  le d  to  s e v e r a l  i n v e s t i g a t i o n s
d i r e c t l y  in v o lv in g  m a tu ra t io n  and sc h o o l  ach ievem en t.
Most o f  the  s t u d i e s  i n  t h i s  s p e c i f i c  a re a  have u sed  ch rono ­
l o g i c a l  age as  th e  index  o f  m a tu r a t io n .  Baer (1958) compared c h i ld r e n  
who e n t e r e d  k in d e r g a r t e n  in  September w i th  b i r t h d a t e s  making them f iv e  
y e a r s  o ld  d u r in g  th e  months o f  Septem ber th rough  November (which was 
term ed th e  underage g ro u p ) ,  w i th  c h i l d r e n  whose f i f t h  b i r t h d a t e  was in  
the  months o f  J a n u a ry  and F e b ru a ry  b e fo re  th e  September e n ro l lm e n t  
(a v e ra g e  g ro u p ) .  Thus th e r e  was a p p ro x im a te ly  a n in e  o r  ten-m onth
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d i f f e r e n c e  betw een  th e  average  o f  th e se  two g ro u p s .  The groups were 
m atched f o r  so c io -eco n o m ic  l e v e l  and f o r  IQ. The IQ range  f o r  bo th  
g roups  was 101 to  127. The two groups  were fo llow ed  th ro u g h  h ig h  
s c h o o l .  As a g roup , th e  av e rag e  c h i ld r e n  made b e t t e r  s c h o o l  p ro g re s s  
th a n  th e  underage  c h i l d r e n .  The average  group made s i g n i f i c a n t l y  
h ig h e r  g ra d e s  from k i n d e r g a r t e n  on to  the  t e n th  g r a d e .  The average  
c h i l d r e n  sc o re d  s i g n i f i c a n t l y  h ig h e r  on ach ievem ent t e s t s  i n  r e a d in g  
and a r i t h m e t i c ,  and were c o n s i s t e n t l y  r a t e d  s i g n i f i c a n t l y  h ig h e r  by 
t h e i r  t e a c h e r s  on " d e s i r a b l e  p e r s o n a l i t y  t r a i t s . "  T h e i r  p r o g r e s s io n  
from g rad e  to  g rade  was s i g n i f i c a n t l y  more r e g u l a r  th a n  th e  underage 
g ro u p .
C a r t e r  (1956) compared th e  ach ievem ent o f  100 c h i l d r e n  who 
had e n t e r e d  the  f i r s t  g rade  i n  th e  A u s t in  P u b l ic  S chool System in  
S ep tem ber ,  1947. At the  time o f  e n ro l lm e n t  h a l f  o f  th e s e  c h i ld r e n  
w ere u n d e r  s ix  and h a l f  over s i x  and were matched f o r  sex  and IQ.
They were fo l lo w ed  th ro u g h o u t  e le m e n ta ry  sch o o l and were p e r i o d i c a l l y  
g iv e n  ach iev em en t t e s t s .  As a group the  c h r o n o lo g i c a l ly  o ld e r  c h i ld r e n  
o b ta in e d  s i g n i f i c a n t l y  h ig h e r  s c o re s  on the  ach ievem ent t e s t s  than  
th e  younger c h i l d r e n .  Of the  younger g roup , 87% n e v e r  a t t a i n e d  the  
ach ievem en t l e v e l  o f  th e  o ld e r  g roup .  C a r t e r ' s  f i n d i n g s  f u r t h e r  
s u g g e s t  t h a t  th e  age f a c t o r  i s  more i n f l u e n t i a l  i n  boys th a n  i n  g i r l s .  
S im i l a r  f in d i n g s  a re  r e p o r t e d  by C a r r o l l  (1963) u s in g  t h i r d  grade 
c h i l d r e n  from f i v e  p u b l i c  s c h o o ls  i n  New York S t a t e .  The average  
c h i l d r e n  made c o n s i s t e n t l y  h ig h e r  s c o re s  than  t h e i r  younger c l a s s ­
m ates  on ach ievem en t t e s t s .
These s t u d i e s  u sed  c h r o n o lo g ic a l  age as  th e  in d e p en d en t
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v a r i a b l e  in  d i f f e r e n t i a l  s c h o o l  ach ievem en t.  As p r e v io u s ly  s t a t e d ,  
c h r o n o lo g ic a l  age i s  a m easure o f  m a tu r a t io n ,  b u t  a r e l a t i v e l y  g ro s s  
one w hich a lm o s t  t o t a l l y  ig n o re s  i n d i v i d u a l  d i f f e r e n c e s  in  th e  r a t e  
o f  m a tu r a t i o n .  In  s p i t e  o f  t h i s  t h e r e  a p p a r e n t ly  e x i s t s  a d e f i n i t e  
r e l a t i o n s h i p  between the  l e v e l  o f  m a tu r a t io n  and the  a b i l i t y  to  a s ­
s i m i l a t e  sch o o l  e x p e r i e n c e .  I n  each  o f  th e s e  s t u d i e s ,  the  g roups 
d i f f e r i n g  in  l e v e l  o f  m a tu ra t io n  were e q u a te d  f o r  IQ im ply ing  e q u a l  
i n t e l l e c t u a l  a b i l i t y .  However, the  m a tu r a t i o n a l  f a c t o r  i s  o n ly  
p a r t i a l l y  c o n s id e re d  in  the  co n c e p t  o f  IQ. A c h i l d  in  the  underage  
group m igh t be c h r o n o lo g i c a l l y  5 y e a r s ,  9 months, have an MA o f  3 
y e a r s ,  9 months, and c o n s e q u e n t ly  have an IQ o f  100. A c h i l d  i n  the  
o v e r -a g e  group may have a c h r o n o lo g ic a l  age o f  6 y e a r s ,  3 m onths, a 
M ental Age o f  6 y e a r s ,  3 m onths, and an IQ o f  100. These two c h i l d r e n  
a re  now eq u a te d  f o r  IQ. But the  c h i l d  w i th  a M ental Age o f  6 y e a r s ,
3 m onths, i s  m a t u r a t i o n a l l y  advanced s ix  m onths, and j u s t  on t h i s  
b a s i s  c o u ld  be ex p e c te d  to  f u n c t i o n  a t  a h ig h e r  l e v e l .  A more p r e c i s e  
e v a l u a t i o n  o f  the  m a tu r a t i o n a l  e lem en t in v o lv e d ,  i n  the  c h r o n o lo g ic a l  
age c o n c e p t ,  can be o b ta in e d  by m atch ing  th e  g roups f o r  MA r a t h e r  th an  
IQ. Then the  younger age group w i l l  be s u p e r io r  to  the  ave rage  group 
i n  IQ.
Such a s tu d y  was done by Weiss (1 9 6 2 ) .  Weiss had th r e e  
g ro u p s .  One group o f  normal age c h i l d r e n  w i th  average  S ta n fo rd  B in e t  
I Q 's ;  one group o f  underage  c h i l d r e n  (younger th a n  the normal group by 
an av e ra g e  o f  e i g h t  months) o f  average  B in e t  I Q 's ,  and a t h i r d  group 
o f  u nderage  c h i l d r e n  o f  s u p e r i o r  I Q 's .  The t h i r d  group was matched 
f o r  MA w i th  the  norm al age g ro u p ,  th u s  h av in g  s i g n i f i c a n t l y  h ig h e r
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I Q 's .  The underage  group o f  s u p e r io r  i n t e l l i g e n c e  s t i l l  s co red  lower 
on g r a d e s ,  p e r s o n a l i t y  t e s t  s c o re s  and s o c i a l  s t a t u s  r a t i n g s  th an  the 
norm al age group o f  ave rage  i n t e l l i g e n c e .  The o ld e r  c h i l d r e n  were 
more p o p u la r  a t  the  end o f  the  sch o o l  y e a r  th a n  th e  younger g roup.
Thus t h e r e  seems to  be some f a c t o r  o th e r  th a n  i n t e l l e c t u a l  l e v e l  a t  
work, p resum ably  a p h y s i c a l  m a tu r a t io n a l  f a c t o r  a s s o c i a t e d  w i th  c h ro ­
n o l o g i c a l  age .
G leason  and K lausm eier  (1958) found t h a t  among t h i r d  grade 
boys uneven  growth i n  h e i g h t ,  w e ig h t ,  and c a r p a l  bone developm ent 
tended  to  be accompanied by uneven and low ach iev em en t i n  r e a d in g ,  
a r i t h m e t i c  and language developm ent.
K a r l i n  (1957) d e a l t  d i r e c t l y  w i th  c a r p a l  bone developm ent 
and i t s  c o r r e l a t i o n  w i th  r e a d in g  r e a d i n e s s ,  r e p o r t i n g  t h a t  l a t e  s k e l e t a l  
m a tu re r s  s c o re d  lower on th e  r e a d in g  r e a d i n e s s  t e s t  th a n  the  e a r l y  
m a tu r e r s .
Simon (1959) used body c o n f ig u r a t io n s  a s  a m easurem ent of 
m a tu r i t y .  I t  i s  p o s s i b l e  by ta k in g  many v a r i e d  m easurem ents  o f  a 
c h i l d ' s  body to  compare him w ith  a norm and s e p a r a t e  o u t  an immature 
and m ature  g roup .  Simon o b ta in e d  the  50 most s u c c e s s f u l  and the  50 
most u n s u c c e s s f u l  f i r s t  g rade  s tu d e n t s  from f i v e  p u b l i c  s c h o o ls .  I t  
was found t h a t  th e s e  two groups were n o t  s i g n i f i c a n t l y  d i f f e r e n t  in  
IQ s c o r e s ,  b u t  th e y  were s i g n i f i c a n t l y  d i f f e r e n t  i n  t h e i r  l e v e l  o f  
m a tu r i t y  as  judged  by  body c o n f ig u r a t i o n .  The u n s u c c e s s f u l  group had 
s i g n i f i c a n t l y  more body in d i c e s  a s s o c i a t e d  w i th  im m a tu r i ty  th a n  the 
s u c c e s s f u l  g roup .
Boverman e t  a l . , (1 9 6 4 )  a t t a c k e d  the  p rob lem  o f  r e l a t i n g  the
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r a t e  o f  m a tu ra t io n  to  o th e r  v a r i a b l e s  by u t i l i z i n g  th e  c o g n i t iv e  s t y l e  
as  a m e a su re . C o g n i t iv e  s t y l e  can  be viewed as  an i n d i v i d u a l ' s  c h a r a c ­
t e r i s t i c  way o f  o r g a n iz in g  and s t r u c t u r i n g  a g iv e n  a s p e c t  o f  h i s  w o r ld .  
Boverman found t h a t  th e  deg ree  o f  " a u to m a t i z a t io n  -  c o g n i t iv e  s t y l e "  
was h ig h l y  r e l a t e d  to  v a r io u s  p h y s i c a l  m easures and th e  r a t e  o f  p h y s i c a l  
m a tu r a t io n .
Summarizing t h i s  l i t e r a t u r e  p ro v id e s  th e  f i v e  p r i n c i p l e s  upon 
which t h i s  r e s e a r c h  i s  b a se d :
1. T here  i s  a m a tu r a t i o n a l  f a c t o r  o p e r a t i v e  in  
human developm ent from c o n c e p t io n  to  m a tu r i t y .
2 .  The most w id e ly  u sed  measure o f  m a tu r a t i o n a l  
l e v e l  i s  c h r o n o lo g ic a l  ag e .  However, c h r o n o lo g ic a l  
age i s  a poor m easure , n o t  t a k in g  i n d i v i d u a l  d i f ­
f e r e n c e s  i n t o  a c c o u n t .  S k e l e t a l  age i s  an e x c e l l e n t  
index  o f  m a tu ra t io n  p r o v id in g  much d a ta  w hich ch rono ­
l o g i c a l  age does n o t .
3 .  E a r l y  and l a t e  m a tu re r s  can be d i s t i n g u i s h e d  on 
b e h a v i o r a l  v a r i a b l e s  d u r in g  a d o le s c e n c e .  These b e ­
h a v i o r a l  d i f f e r e n c e s  p e r s i s t  i n t o  ad u l th o o d  even
though th e  p h y s i c a l  d i f f e r e n c e s  a re  no lo n g e r  s i g n i f i c a n t .
4 .  There i s  a h ig h  c o r r e l a t i o n  between p h y s ic a l  
r e t a r d a t i o n  and "m en ta l r e t a r d a t i o n "  and a p o s i t i v e  
b u t  low c o r r e l a t i o n  betw een p h y s ic a l  m a tu r a t io n  and 
i n t e l l i g e n c e  i n  n o rm a ls .
5 . M a tu ra t io n  seems to  p la y  a c r u c i a l  r o l e  in  the  
le a r n in g  p ro c e s s  and a p p e a rs  to  be an im p o r ta n t  f a c t o r  
i n  s c h o o l  ach ievem en t.
Assuming th e s e  f i v e  p r i n c i p l e s  i t  seems v e ry  p l a u s i b l e  to  seek  
som eth ing  more th a n  c h r o n o lo g ic a l  age a s  the  c r i t e r i a  f c r  k in d e r g a r t e n  
o r  more s p e c i f i c a l l y  f o r  f i r s t  g rade  ad m iss io n .  The need f o r  such 
c r i t e r i a  becomes even more im p o r ta n t  when d e a l in g  w i th  c h i l d r e n  from 
u n d e r p r iv i l e g e d  en v iro n m en ts .  Anyone who has  a d m in is te re d  i n t e l l i g e n c e  
t e s t s  to  c h i l d r e n  from low s o c i o - c u l t u r a l  and economic env ironm en ts
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h a s  e x p e r ie n c e d  th e  i n a b i l i t y  o f  th e s e  c h i l d r e n  to  e x p re s s  th e m se lv es  
a d e q u a te ly  on th e s e  t e s t s .  C h i ld re n  from th e s e  e n v iro n m en ts  f r e q u e n t l y  
a p p ea r  r e t a r d e d  i n  m en ta l ag e .  However, th e  u s u a l  i n t e l l i g e n c e  t e s t s  
a r e  b a sed  on th e  u n i v e r s a l i t y  and commonality o f  e x p e r ie n c e  which 
a u t o m a t i c a l l y  p la c e s  c h i l d r e n  from u n d e r p r iv i l e g e d  and d e p r iv e d  e n ­
v iro n m e n ts  a t  a d is a d v a n ta g e .  A tte m p tin g  to  e s t a b l i s h  s c h o o l  r e a d i ­
n e s s  on th e  b a s i s  o f  m enta l age w i th  th e s e  c h i l d r e n  i s  o f  d o u b t f u l  
v a l i d i t y .  The m en ta l  age d e r iv e d  from p r e s e n t  i n t e l l i g e n c e  t e s t s  
i s  too  in f lu e n c e d  by e x p e r ie n c e  and does n o t  r e p r e s e n t  m a tu r a t i o n a l  
f a c t o r s .  I t  i s  n o t  r e a l l y  an i n d i c a n t  o f  p o t e n t i a l  to  a s s i m i l a t e  e x ­
p e r i e n c e s .  T h is  i s  p a r t i c u l a r l y  pronounced in  d e p r iv e d  c h i l d r e n  who 
s c o re  low on i n t e l l i g e n c e  t e s t s .  The low sc o re  co u ld  be e i t h e r  a p ro d u c t  
o f  th e  c u l t u r a l  d e p r iv a t io n ,  r e t a r d a t i o n ,  m en ta l d e f i c i e n c y  o r  a l l  o f  
t h e s e .
C h ro n o lo g ic a l  age i s  an a r b i t r a r y  s t a n d a r d .  P erhaps  th e  un ique  
m a tu r a t i o n a l  p o t e n t i a l  o f  each  c h i l d  shou ld  de te rm ine  th e  r a t e  a t  which 
he  i s  p ro v id e d  w i th  s p e c i f i c  deve lopm en ta l  e x p e r i e n c e s .  What would 
be the  r e s u l t  i f  a c h i l d  who was two y e a r s  b eh ind  i n  s k e l e t a l  d e v e lo p ­
ment and who ap p ea red  two y e a r s  b eh ind  in  m en ta l developm ent d id  n o t  
e n t e r  s c h o o l  u n t i l  s k e l e t a l l y  s ix  y e a r s  o ld ,  r e g a r d l e s s  o f  h i s  ch ro n o ­
l o g i c a l  age a t  t h a t  tim e? I f  p la c e d  in  sch o o l  when c h r o n o l o g i c a l l y  
s i x ,  he m igh t w e l l  e x p e r ie n c e  r e p e a te d  f a i l u r e ,  p o s s i b l y  s e t t i n g  th e  
p a t t e r n  f o r  the  r e s t  o f  h i s  academic l i f e .  With p ro p e r  dev e lo p m en ta l  
t r e a tm e n t  a p p r o p r i a t e  to  h i s  r a t e  o f  m a tu r a t io n ,  r a t h e r  th a n  h i s  
c h r o n o lo g i c a l  age such  a c h i l d  may w e l l  r e a c h  an av e rag e  l e v e l  o f  
f u n c t i o n i n g .  T h is  i s  an unanswered i s s u e  and i t  i s  n o t  known w hat
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would happen under  th e se  c i rc u m s ta n c e s .
As a consequence o f  the  r e s e a r c h  rev ie w e d ,  i t  i s  f e l t  t h a t  
m a tu r a t i o n a l  age sh o u ld  p r e d i c t  th e  c h i l d ' s  a b i l i t y  to  a s s i m i l a t e  
the e x p e r ie n c e s  o f  " P r o j e c t  Head S t a r t "  and th e r e f o r e  be more re a d y  
f o r  the  f i r s t  g rade  a t  the  end o f  the  P r o j e c t  th a n  a t  th e  b e g in n in g .  
While s e v e r a l  s t u d i e s  have d e a l t  w i th  r e a d in e s s  and m a tu ra t io n  
( K a r l in ,  1957; Simon, 1959), th e y  have s tu d ie d  th e  two f a c t o r s  p r i o r  
to  any a c t u a l  e x p e r i e n c e .  The un ique  c o n t r i b u t i o n  o f  t h i s  p a p e r  
i s  to  r e l a t e  m a tu r a t i o n a l  age to  th e  a b i l i t y  to  a s s i m i l a t e  e x p e r ie n c e s  
des ig n ed  to  p r e p a re  a c h i l d  f o r  f i r s t  g ra d e .
CHAPTER I I
PURPOSE
The purpose  o f  t h i s  r e s e a r c h  was to  i n v e s t i g a t e  the  u s e f u ln e s s  
o f  s k e l e t a l  age as  a p r e d i c t o r  o f  s c h o o l  r e a d i n e s s  i n  a group o f  
" P r o j e c t  Head S t a r t "  c h i l d r e n .  S p e c i f i c a l l y  th e r e  were fo u r  h y p o th e se s  
t e s t e d .
H ypotheses
1. E a r ly  and l a t e  s k e l e t a l  m a tu re r s  w i l l  n o t  d i f f e r
s i g n i f i c a n t l y  on the  Goodenough Draw-A-Man T e s t  (DAM) a d m in is te re d
p r i o r  to  P r o j e c t  Head S t a r t  (Goodenough, 1954).
2 . E a r ly  and l a t e  s k e l e t a l  m a tu re r s  w i l l  n o t  d i f f e r  s i g n i ­
f i c a n t l y  on the  M e t r o p o l i t a n  R ead in ess  T e s t  (MRT) a d m in is te re d  p r i o r  
to  P r o j e c t  Head S t a r t  ( H i l d r e t h ,  e t  a l . ,  1965).
3 .  E a r ly  s k e l e t a l  m a tu re r s  w i l l  show a s i g n i f i c a n t l y
g r e a t e r  improvement on th e  Goodenough Draw-A-Man T e s t  a d m in is te re d  
d u r in g  the  f i r s t  and l a s t  weeks o f  P r o j e c t  Head S t a r t ,  th a n  w i l l  L a te  
s k e l e t a l  m a tu re r s ,  when age and sex a re  c o n t r o l l e d .
4 .  E a r l y  s k e l e t a l  m a tu re r s  w i l l  show a s i g n i f i c a n t l y
g r e a t e r  improvement on th e  M e t ro p o l i t a n  R e a d in e ss  T e s t  a d m in is te re d  
d u r in g  the  f i r s t  and l a s t  weeks o f  P r o j e c t  Head S t a r t  than  w i l l  L a te  
s k e l e t a l  m a tu re r s ,  when age and sex  a re  c o n t r o l l e d .
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I n v e s t i g a t i o n  o f  th e s e  fo u r  h y p o th e se s  s e rv e d  the  purpose  o f  
a t t e m p t in g  to  r e l a t e  s k e l e t a l  m a tu r a t io n  to  a c h i l d ' s  a b i l i t y  to  a s ­
s i m i l a t e  and make use o f  k i n d e r g a r t e n  k in d s  o f  e x p e r i e n c e s ,  th u s  
making him re a d y  f o r  th e  f i r s t  g ra d e .
CHAPTER I I I
METHOD
The s u b je c t s  f o r  t h i s  r e s e a r c h  were e n r o l l e d  in  P r o j e c t  Head 
S t a r t  i n  C leve land  County, Oklahoma. T h is  p ro v id e d  a r e l a t i v e l y  homo­
geneous economic group s in c e  e n ro l lm e n t  i n  P r o j e c t  Head S t a r t  was 
l i m i t e d  to  f a m i l i e s  u nder  a g iv e n  income l e v e l .  While the  economic 
l e v e l  was c o n s ta n t  th ro u g h o u t  th e  sample i t  in c lu d e d  s u b j e c t s  from b o th  
r u r a l  and u rb an  a r e a s .  A l l  s u b j e c t s  were C au ca s ian  c h i l d r e n  bo rn  
in  th e  U n ite d  S t a t e s  (G re u l ic h  & P y le ,  1959).  S tu d ie s  have been r e ­
p o r t e d  (E ic h o rn ,  1963) w hich dem onstra te  t h a t  c e r t a i n  k in d s  o f  p a th o lo g y  
i n t e r f e r e  w i th  the  norm al growth o f  th e  s k e l e t o n ,  and in c lu d in g  such 
c a s e s  m igh t b i a s  the  sample and co n ta m in a te  th e  r e s u l t s .  T h e re fo re ,  
on th e  b a s i s  o f  a m e d ic a l - s o c i a l  h i s t o r y  o b ta in e d  by a P u b l ic  H e a l th  
n u r s e ,  any c h i l d  w i th  a known e n d o c r i n o lo g ic a l  d i f f i c u l t y ,  g la n d u la r  
m a l fu n c t io n in g ,  o r  h i s t o r y  o f  any o th e r  s e r i o u s  i l l n e s s  known to  e f ­
f e c t  s k e l e t a l  growth was ex c lu d ed  from th e  sam ple .  The d e c i s i o n  to  
ex c lu d e  any such c h i l d  from the  sample was made a f t e r  c o n s u l t in g  a 
p e d i a t r i c i a n  who e v a lu a te d  the  c h i l d ’s m e d ica l  h i s t o r y  i n  term s o f  
p o s s i b l e  in f lu e n c in g  f a c t o r s  on s k e l e t a l  g row th .
The f i n a l  sample c o n s i s t e d  o f  40 m ales and 40 fem ales  r a n g in g  




The f i r s t  phase  o f  d a ta  c o l l e c t i o n  c o n s i s t e d  o f  o b t a in in g  an 
X -ray  o f  th e  l e f t  w r i s t  o f  each  c h i ld  i n  the  s tu d y .  There i s  a c lo s e  
co rresp o n d en ce  in  th e  s k e l e t a l  s t a t u s  o f  the  r i g h t  and l e f t  hand so 
t h a t  o n ly  one w r i s t  need be u sed  (D re izen ,  1957; G re u l ic h  & P y le ,
1959). F o llow ing  th e  p ro ced u re  u s u a l l y  used  i n  s t u d i e s  in v o lv in g  
c a r p a l  X -ray s  th e  l e f t  w r i s t  was X -rayed in  the  p r e s e n t  s tu d y .
The X -ray  machine was p ro v id e d  by the  C leve land  County P u b l ic  
H e a l th  C en te r  i n  Norman, Oklahoma and met a l l  the  s p e c i f i c a t i o n s  f o r  
s a fe  X -ray  p ro c e d u re s .  The machine and c o n d i t io n s  o f  use  w ere approved 
by the  m ed ica l  d i r e c t o r  o f  th e  C e n te r .  The f i lm s  were ta k e n  and d e v e l ­
oped by r  t r a i n e d  X -ray  t e c h n i c i a n .  The u s u a l  p r o t e c t i v e  m easures  were 
used  d u r in g  th e  p roced u re  w i th  the  a d d i t io n  o f  an X -ray  a p ro n  p la c e d  
ov er  the  c h i l d ' s  body.
The X -ray s  were r e a d  f o r  s k e l e t a l  age a cc o rd in g  to  th e  G re u l ic h  
and P y le  norms, by a D iplom ate o f  the  American Board o f  R a d i o l o g i s t s .
As a c o n t r o l  th e  R a d i o lo g i s t  d id  n o t  know th e  b i r t h d a t e  o f  th e  g iv en  
c h i l d  and a s k e l e t a l  age was a s s ig n e d  b l i n d l y .  A f te r  random iz ing  the  
X -rays  the  R a d i o lo g i s t  chose e v e ry  t h i r d  X -ray  to  r e - a s s e s s  a s  a r e ­
l i a b i l i t y  m easure . There was d isag ree m en t on th e  second r e a d in g  f o r  
o n ly  one X -ray  which was s u b s e q u e n t ly  n o t  used  in  the s tu d y  because  
o f  the  anomalous n a tu re  o f  the  c h i l d ' s  w r i s t .  For a f u r t h e r  d i s c u s s io n  
o f  the  a p p l i c a b i l i t y  o f  th e  G re u l ic h  and Pyle  norms and te c h n iq u e  to  
t h i s  sample see  Appendix A*
In  t h i s  sample 155 o f  th e  160 s u b je c t s  X -rayed  f e l l  w i th in  
p lu s  o r  minus two s ta n d a rd  d e v i a t i o n s  o f  th e  c o r re sp o n d in g  G re u l ic h
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and Py le  means. The average  s k e l e t a l  age f o r  t h i s  sample was 6 .6  
months below the  average  c h r o n o lo g i c a l  age w i th  a s ta n d a rd  d e v i a t i o n  
o f  1 5 .6 .  For the  p u rp o ses  o f  t h i s  s tu d y  any s u b j e c t  whose c h r o n o lo g ic a l  
age was g r e a t e r  th a n  h i s  s k e l e t a l  age was p la c e d  i n  the  L a te  M atu ring  
g roup . Any s u b j e c t  whose s k e l e t a l  age was g r e a t e r  th a n  h i s  ch ro n o ­
l o g i c a l  age was p la c e d  in  th e  E a r ly  M atu ring  g roup . A lthough th e se  
two groups r e p r e s e n t  e a r l y  and l a t e  s k e l e t a l  m a tu re r s  in  t h a t  t h e i r  
s k e l e t a l  age d e v i a te s  from t h e i r  c h r o n o lo g ic a l  age ,  th e y  can  be con ­
s id e r e d  e s s e n t i a l l y  a norm al r a t h e r  th a n  a p a t h o l o g i c a l  group in  term s 
o f  s k e l e t a l  m a tu ra t io n .
From the  t o t a l  sample o f  160 s u b j e c t s  i t  was p o s s i b l e  to  have 
17 s u b j e c t s  a t  each  l e v e l  o f  s k e l e t a l  m a tu r a t io n ,  c h r o n o lo g ic a l  age 
and sex ,  f o r  a t o t a l  o f  136 s u b j e c t s .  However, a f t e r  t h i s  r e s e a r c h  
had been d es ig n ed  and a p p ro v a l  o b ta in e d  from the  C le v e lan d  County 
Head S t a r t  D i r e c t o r ,  one sc h o o l  d i s t r i c t  r e f u s e d  to  a l low  a d m in is ­
t r a t i o n  o f  the  M e t ro p o l i ta n  R ead in ess  T e s t  to  t h e i r  g roup . The 
p r i n c i p a l  o f  th e  sch o o l w anted to  use  t h i s  t e s t  f o r  th e s e  p u p i l s  when 
th e y  e n t e r e d  the  f i r s t  g rad e  and f e l t  t h a t  h av ing  them ta k e  th e  t e s t  
d u r in g  P r o j e c t  Head S t a r t  would in f l u e n c e  h i s  r e s u l t s .  In  a d d i t i o n ,  
i l l n e s s e s  a t  th e  time o f  th e  a d m i n i s t r a t i o n  o f  one o f  the  t e s t s  and 
w ith d raw a l  from th e  P r o j e c t  red u ce d  th e  o r i g i n a l  sample to  87 s u b je c t s  
who took  both the  Goodenough Draw-A-Man T e s t  and th e  M e t ro p o l i t a n  R e a d i­
n ess  T e s t . In  o r d e r  to  have e q u a l  g roups  i t  was n e c e s s a r y  to  e l im i n a t e  
7 s u b j e c t s .  T h is  was done by u s in g  a t a b l e  o f  random numbers (W a l l is  
& R o b e r t s ,  1956) and red u ce d  th e  t o t a l  sample to  80 s u b j e c t s .
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M a te r i a l s
To t e s t  the  fo u r  h y p o th e se s  two in s t ru m e n ts  were u se d .
The f i r s t  was the  Goodenough Draw-A-Man T e s t  (DAM). A 
m eeting  was h e ld  w i th  th e  C le v e lan d  County Head S t a r t  T ea ch ers  and 
th e y  were i n s t r u c t e d  a s  to  th e  day th e  DAM was to  be a d m in is te re d  and 
th e  method to  be u s e d .  The i n s t r u c t i o n s  were p ro v id e d  on a mimeo­
graphed  form and were e x a c t l y  th o se  su g g e s te d  by Goodenough (1 9 5 4 ) .
The t e a c h e r  p u t  th e  d a te  o f  a d m i n i s t r a t i o n  and th e  c h i l d ' s  name on 
each  draw ing . The f i r s t  d raw ings were o b ta in e d  on th e  t h i r d  day o f  
th e  f i r s t  week o f  the  p r o j e c t  and th e  second draw ings on the  t h i r d  
day o f  the  l a s t  week o f  th e  P r o j e c t .  The same t e a c h e r s  a d m in is te re d  
th e  p re  and p o s t  t e s t s  i n  th e  same c la ss ro o m  under the  same s e t  o f  
d i r e c t i o n s .
The DAM t e s t s  were in d e p e n d e n t ly  sco red  by the  a u th o r  and by 
a n o th e r  advanced g ra d u a te  s t u d e n t  i n  c l i n i c a l  p sy ch o lo g y .  Both s c o r e r s  
were th o ro u g h ly  a c q u a in te d  w i th  th e  s c o r in g  system . On any draw ing 
where t h e r e  was n o t  com plete  ag reem en t as  to  IQ and MA i t  was r e ­
e v a lu a te d  by b o th  s c o r e r s  and a t h i r d  advanced g ra d u a te  s tu d e n t  i n  
c l i n i c a l  p sy ch o lo g y ,  u n t i l  t h e r e  was ag reem en t.  Thus a r e l i a b i l i t y  
c o e f f i c i e n t  was n o t  n e c e s s a r y  s in c e  th e r e  had to  be com ple te  agreem ent 
on each  draw ing . I n  one c a s e ,  ag reem en t cou ld  n o t  be re a c h e d  and the  
s u b j e c t  was e l im i n a t e d .  The draw ings were sco re d  w i th o u t  the  knowledge 
o f  which " m a tu ra t io n "  group th e  g iv e n  s u b j e c t  was in .
Goodenough (1954) r e p o r t s  a .937 +  .006 c o r r e l a t i o n  betw een the  
o r i g i n a l  s c o re s  e a rn e d  by 194 f i r s t  g rade  c h i l d r e n  on th e  DAM and the  
s c o re s  on a r e t e s t  on th e  f o l lo w in g  day . The p ro b a b le  e r r o r  o f  e s t im a te
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o f  a " t r u e  IQ" e a rn e d  on th e  DAM i s  r e p o r t e d  a s  a p p ro x im a te ly  5 .4  
p o in t s  a t  a l l  ages  from f i v e  th rough  te n  y e a r s  (Goodenough, 1954).
The c o r r e l a t i o n  betw een th e  IQ o b ta in e d  on th e  DAM and the  S t a n f o r d -
TB in e t  IQ i s  r e p o r t e d  as  .699 + .035 and .832 +  .025 f o r  f i v e  and
s ix  y e a r  o ld  c h i l d r e n  r e s p e c t i v e l y .
The second  s e t  o f  m a t e r i a l  u sed  f o r  th e  s tu d y  was th e  M etro­
p o l i t a n  R e a d in e ss  T e s t  ( H i l d r e t h ,  e t  a l . ,  1965). T h is  t e s t  (MRT) wag 
d es ig n ed  to  m easure  th e  d eg ree  to  w hich sch o o l  b e g in n e r s  have deve loped  
i n  v a r io u s  a b i l i t i e s  th o u g h t  to  be p r e r e q u i s i t e s  f o r  f i r s t  g rad e  i n ­
s t r u c t i o n .  I t  was d e v is e d  to  t e s t  c h i l d r e n  a t  th e  end o f  k i n d e r g a r t e n  
o r  upon e n t e r i n g  f i r s t  g ra d e .
The MRT was p a r t i c u l a r l y  a p p l i c a b l e  to  the  t e s t i n g  o f  H ypo theses  
2 and 4 .  I t  p ro v id e d  a measure o f  " r e a d in e s s "  p r i o r  t o  and a f t e r  th e  
Head S t a r t  e x p e r i e n c e  f o r  b o th  L a te  and E a r l y  M a tu re rs .  T h is  p e r ­
m i t te d  a d i r e c t  com parison  o f  th e  b e n e f i t  b o th  g roups had d e r iv e d  from 
the  P r o j e c t .  The t e s t  i s  d iv id e d  i n t o  s ix  s u b - t e s t s  d e s ig n ed  to  
measure v o c a b u la ry ,  v i s u a l - p e r c e p t u a l  s k i l l s ,  a lp h a b e t  r e c o g n i t i o n ,  
n u m e rica l  c o n c e p ts ,  l i s t e n i n g  com prehension , and p re c e p tu a l -m o to r  
s k i l l s .
Because th e  i n t e r c o r r e l a t i o n s  f o r  a l l  o f  th e s e  s u b t e s t s  a re  
r e l a t i v e l y  h ig h  and p o s i t i v e ,  o n ly  th e  t o t a l  s c o re  was used  in  the  
a n a l y s i s .  The t o t a l  s c o r e  r e l i a b i l i t y  between th e  two Forms o f  the  
t e s t  i s  r e p o r t e d  "a s  above .9 0 "  ( H i ld r e t h  e t  a l . ,  1965).
The group form o f  the  MRT was a d m in is te re d  in  th e  c la ss ro o m  
by the  P r o j e c t  Head S t a r t  T eachers  on th e  f o u r t h  day o f  th e  f i r s t  
week and th e  f o u r t h  day o f  th e  l a s t  week o f  th e  P r o j e c t .  The MRT
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h a s  two  fo rm s, S and R. H a l f  the  s u b j e c t s  were g iv e n  Form R and 
h a l f  Form S on the  p r e - a d m i n i s t r a t i o n .  On th e  p o s t  t e s t i n g  the  
Form was o p p o s i te  to  the p re  Form f o r  each  s u b j e c t .  The te a c h e r s  
were i n s t r u c t e d  in  th e  a d m i n i s t r a t i o n  o f  th e  t e s t  and were p ro v id e d  
w i th  an i n s t r u c t i o n  manual w hich has  the  p r e c i s e  d i r e c t i o n s  to  be 
g iv e n .  The t e s t s  were s c o re d  by the  a u th o r  o f  t h i s  d i s s e r t a t i o n  
u s in g  the  s c o r in g  key p ro v id e d .  A f i n a l  r e a d i n e s s  sco re  was ob­
t a i n e d  by  c o u n t in g  the  t o t a l  number o f  c o r r e c t  r e s p o n s e s .
S t a t i s t i c a l  T rea tm en t o f  th e  Data
The p r im ary  s t a t i s t i c a l  a n a l y s i s  f o r  t h i s  s tu d y  was an a n a l y s i s  
o f  v a r i a n c e .  The b a s i c  d e s ig n  o f  t h i s  s tu d y  i s  p r e s e n te d  in  F ig u re  1. 
T h is  d e s ig n  in v o lv ed  the  e f f e c t s  o f  f iv e  f a c t o r s  each  a t  two l e v e l s ,  
c h r o n o lo g ic a l  age (A), s k e l e t a l  age (C ) ,  " t e s t "  (T ) ,  "measurem ent"
(M), and sex  (S ) .  The c h r o n o lo g ic a l  age f a c t o r  c o n s i s t e d  o f  ages 
f iv e  and s i x ,  s k e l e t a l  age c o n s i s t e d  o f  e a r l y  and l a t e  s k e l e t a l  m a tu r e r s ,  
" t e s t "  was made up o f  th e  DAM and MRT, "m easurem ent" c o n s i s t e d  o f  the  
p r e  and p o s t  Head S t a r t  t e s t i n g s ,  and sex r e p r e s e n t e d  males and fem a les  
w hich made up the  sam ple . S ince  the  DAM and MRT had d i f f e r e n t  means 
and s ta n d a r d  d e v i a t i o n s ,  a l l  s c o re s  were t r a n s fo rm e d  to  y i e l d  a d i s ­
t r i b u t i o n  h av in g  a mean o f  50 and a s ta n d a rd  d e v i a t i o n  o f  10 (N unna lly ,  
1 9 6 4 ) .
In  a d d i t i o n  to  the  a n a l y s i s  o f  v a r i a n c e  s e v e r a l  c o r r e l a t i o n s  a re  
p r e s e n te d  f o r  f u r t h e r  c l a r i f i c a t i o n  o f  the  d a ta  c o l l e c t e d .  A l l  o r i g i n a l  
s c o r e s  a re  p r e s e n te d  i n  Appendix B.
Draw-A-Man T e s t
Males Females
GA CA CA CA
5 6 5 6
P re  P o s t  Pre P o s t P re  P o s t  Pre P o s t
E a r ly
M atu rers
L a te
M atu re rs






P re  P o s t  Pre P o s t P re  P o s t  Pre P o s t
E a r ly
M atu rers
L ate
M atu re rs —
F ig . 1. B a s ic  d e s ig n  o f  t h i s  
o f  f i v e  f a c t o r s




The fo u r  h y p o th e se s  a re  r e s t a t e d  below  w ith  t h e i r  s t a t i s t i c a l  
t e s t s .  The p rim a ry  s t a t i s t i c a l  a n a ly s i s  was an  A n a ly s is  o f  V a r ia n c e , 
d e s c r ib e d  in  C h ap te r I I I .  The t o t a l  sam ple c o n s is te d  o f  80 c h i ld r e n ,  
40  m ales and 40  fe m a le s . T here  w ere 10 s u b je c t s  a t  e a c h  le v e l  o f  
s k e l e t a l  m a tu ra t io n ,  s e x , and c h ro n o lo g ic a l  a g e . The mean s q u a re s ,  
d e g re e s  o f  freedom , F v a lu e s  and t h e i r  s ig n i f i c a n c e  le v e l s  a re  p r e ­
se n te d  in  T ab le  1.
H v n o th e s is  1
E a r ly  and l a t e  s k e l e t a l  m a tu re rs  w i l l  n o t  d i f f e r  s i g n i f i c a n t l y  
on th e  DAM t e s t  a d m in is te re d  p r io r  to  th e  Head S t a r t  P r o je c t .
T ab le  2 p r e s e n ts  th e  mean IQ sc o re s  and s ta n d a rd  d e v ia t io n s  on 
th e  f i r s t  a d m in is t r a t io n  o f  th e  DAM.
34
Table 1
A n a ly s is  o f  V a r ian c e  o f  Sex (S ) ,  " T e s t"  (T ) ,  
C h ro n o lo g ic a l  Age (A), Measurement (M), 
and S k e l e t a l  Age (C)
Source  o f Mean S i g n i f .
V a r i a t i o n S quares d f F .01 l e v e l
S 136.50 1 .807
T 9 .4 0 1 .079
C 346.53 1 2 .050
M 1342.49 1 4 7 .3 9 0 *
A 246.75 1 1.460
ST 136.50 1 1.149
SC 100.13 1 .592
SM 1.27 1 .051
SA 73.15 1 .432
TC 6.33 1 .053
TM 209.52 1 7.228 *
TA 1228.53 1 10.341 *
CM 6.22 1 .291
CA 229 .50 1 1.358
MA 53 .10 1 1.875
STC 60.38 1 .508
STM 1.24 1 .042
STA 1.38 1 .011
SCM 2 .3 9 1 .084




Source o f  
V a r i a t i o n
Mean
S quares d f F
S i g n i f .  
.01 l e v e l
SMÂ. 2 .8 0 1 .099
TCM 4 1 .4 4 1 1 .429
TCA 4 7 .2 8 1 .397
TMA 1.43 1 .049
CMA 8 .0 3 1 .283
STCM 14.76 1 .509
STCÂ 28.13 1 .236
STMA 1.12 1 .038
SCMA 9.97 1 .352
TCMA 5 9 .85 1 2 .064
STCMÂ 2 4 .41 1 .842
ASC(R) 168.98 72
ASC(RT) 118 .79 72
ASC(RM) 28 .33 72
ASG(RTM) 2 7 .9 8 72
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T ab le  2
Mean IQ S co res  and S ta n d a rd  D e v ia t io n s  f o r  th e  E a r ly  and L a te  
M atu ring  G roups on th e  F i r s t  A d m in is t r a t io n  
o f  th e  DAN
- M ales Fem ales T o ta l
Mean S . D. Mean S . D. Mean S. D.
E a r ly
M a tu re rs
(n=40) 8 7 .4  2 .1 4 8 7 .6 17 .1 8 7 .3 19.3
L a te
M a tu re rs
(n=40) 9 0 .6  1 0 .6 91 .4 15 .3 9 1 .0 13 .1
H y p o th e s is  1 was t e s t e d  by th e  TCM i n t e r a c t i o n .  The F v a lu e  f o r  
th e  i n t e r a c t i o n  was 1 .4 2 9  w hich  i s  n o t  s i g n i f i c a n t .  T h e re fo re  H y p o th e s is  
1 i s  s u p p o r te d . The STCM i n t e r a c t i o n  t e s t s  th e  s ig n i f i c a n c e  o f  th e  m ale 
v e r s u s  th e  fem ale means f o r  b o th  E a r ly  and L a te  M a tu re rs . The F v a lu e  
f o r  STCM was .509 w hich i s  n o t  s i g n i f i c a n t .  Thus m ales and fem ales  in  
b o th  m a tu ra t io n  g roups d id  n o t  d i f f e r  in  IQ s c o re  on th e  f i r s t  a d m in is ­
t r a t i o n  o f  th e  DAM.
T here i s  a 6 .2  d i f f e r e n c e  betw een th e  s ta n d a rd  d e v ia t io n s  o f  th e  
t o t a l  E a r ly  M atu ring  Group and th e  t o t a l  L a te  M atu rin g  Group, T ab le  2 , 
w h ich  y ie ld s  an F max o f  2 .2 0  and i s  s i g n i f i c a n t  a t  th e  .01  l e v e l .  T h is  
makes i t  ap p ea r t h a t  th e  E a r ly  M atu ring  Group showed g r e a t e r  v a r i a b i l i t y  
on th e  f i r s t  a d m in is t r a t io n  o f  th e  IQ t e s t  th a n  d id  th e  L a te  M atu ring  
G ro u p . However, due to  an  ex trem e s c o re  in  th e  E a r ly  Group a sem i- 
i n t e r q u a r t i l e  ran g e  was com puted w hich g iv e s  th e  v a r i a b i l i t y  w i th in
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th e  second  and t h i r d  q u a r t i l e s  and i s  a b e t t e r  in d ic a n t  when th e  d a ta  
in c lu d e  an ex trem e s c o r e .  T aking h a l f  th e  d is ta n c e  betw een th e  second  
and t h i r d  q u a r t i l e  f o r  th e  E a r ly  M atu ring  Group y ie ld s  a s e m i» in te r -  
q u a r t i l e  ran g e  o f  94. The L a te  M atu re rs  have a s e m i - in t e r q u a r t i l e  range 
o f  98. The a u th o r  does n o t  know o f  any t e s t  o f  s ig n i f i c a n c e  fo r  th e  
d i f f e r e n c e  betw een th e s e  b u t  i t  does n o t  a p p e a r  th a t  th e y  can  be con­
s id e r e d  s i g n i f i c a n t l y  d i f f e r e n t .
H y p o th es is  2
E a r ly  and l a t e  s k e l e t a l  m a tu re rs  w i l l  n o t  d i f f e r  s i g n i f i c a n t l y  
on th e  MRT a d m in is te re d  p r i o r  to  P r o je c t  Head S t a r t .
T h is  h y p o th e s is  was te s t e d  by th e  TCM in t e r a c t i o n  j u s t  as  was 
H y p o th e s is  1 . As s t a t e d  th e  i n t e r a c t i o n  was n o t  s i g n i f i c a n t  and 
H y p o th e s is  2 i s  s u p p o r te d . The mean MRT s c o r e s  and s ta n d a rd  d e v ia t io n s  
on th e  f i r s t  a d m in is t r a t io n  o f  th e  t e s t  a r e  p r e s e n te d  in  T ab le  3 .
T ab le  3
Mean S co re s  and S ta n d a rd  D e v ia tio n s  on th e  F i r s t  
A d m in is t ra t io n  o f  th e  MRT
M ales Fem ales T o ta l
Mean S . D. Mean S . D. Mean S. D.
E a r ly
M a tu re rs
(n=40)
5 8 .1  1 3 .3 5 6 .9  1 3 .8 5 4 .8  13 .4
L a te
M a tu re rs
(n=40) 5 8 .4  19 ,1 5 0 .7  1 6 .6 56 .2  17.3
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H y p o th e s is  3
E a r l y  s k e l e t a l  m a tu re r s  w i l l  show a s i g n i f i c a n t l y  g r e a t e r  im­
provem ent on the DAM a d m in is te re d  d u r in g  the  f i r s t  and l a s t  weeks o f  
P r o j e c t  Head S t a r t  th a n  w i l l  L a te  s k e l e t a l  m a tu re r s ,  when age and sex 
a re  c o n t r o l l e d .  Table 4 c o n ta in s  the  means, s ta n d a r d  d e v i a t i o n s  ( ) 
and the  d i f f e r e n c e  betw een th e  means f o r  b o th  E a r ly  and L a te  M atu re rs  
a t  b o th  l e v e l s  o f  sex and age .
Table 4
Means, S tan d a rd  D e v ia t io n s  and D i f f e r e n c e s  Between the  Means 
f o r  th# Pre and P o s t  Head S t a r t  DAM T e s t  Measurements
Males Females
Mean Mean D i f f . Ifean Mean D i f f .
IQ. IQ. IQ . IQ.
1 2 1 2
Age 5
E a r ly 91.3 97.3 6 .0 92 .1 99 .9 7 .8
M atur. (1 8 .1 ) (1 2 .9 ) (1 7 .7 ) ( 8 .6 )
L ate 95.3 98.1 94 .5 94 .6 0 .1
M atur. ( 9 .8 ) ( 9 .3 ) 2 .8 (1 2 .3 ) ( 9 .9 )
Age 6
E a r ly 83 .5 85.7 2 .2 8 2 .6 84 .6 2 .0
M atur. (2 3 .6 (1 3 .8 ) (1 5 .1 ) ( 9 .8 )
L ate 85 .9 86.3 0 .4 88 .4 9 2 .0 3 .6
M atur. ( 9 .2 ) (1 3 .0 ) (1 7 .0 ) (13 .3
S in ce  c h ro n o lo g ic a l  age . s k e le  t a l a g e , sex and m easurement a re
a l l  in v o lv e d  in  t h i s  h y p o th e s i s the  a p p r o p r ia te  i n t e r a c t i o n to  use  to
t e s t  i t i s  the  STCMA i n t e r a c t i o n ,. T h is  y i e l d s  an F v a lu e  o f .842
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w hich i s  n o t  s i g n i f i c a n t .  Thus on the  b a s i s  o f  the a n a l y s i s  H y p o th es is  
3 i s  n o t  s u p p o r te d .  Because the  a n a l y s i s  o f  v a r ia n c e  i s  based  on g roup­
in g  e a r l y  and l a t e  s k e l e t a l  m a tu re r s  w i th o u t  c o n s id e r a t io n  o f  the  de­
g re e  o f  p r e c o c i t y  o r  r e t a r d a t i o n  a s e r i e s  o f  c o r r e l a t i o n s  was done to  
ta k e  t h i s  i n t o  a c c o u n t .  Table 5 p r e s e n t s  product-m om ent c o r r e l a t i o n s  
computed from o r i g i n a l  measurements betw een th e  degree  o f  e a r l y  o r  
l a t e  m a tu ra t io n  and th e  degree  o f  change betw een the two a d m in i s t r a t i o n s  
o f  th e  DAM.
T able  5
Product-M bment C o r r e l a t i o n  C o e f f i c i e n t s  Between the  
Degree o f  E a r ly  and L a te  M a tu ra t io n  and the  
Amount o f  IQ. Change on the  DAM
Males Females
Age 5 + .163  (n=20) - .0 1 3  (n=20)
Age 6 + .147  (n=20) - .2 5 4  (n=20)
None o f  the  c o e f f i c i e n t s  o f  c o r r e l a t i o n  d i f f e r  s i g n i f i c a n t l y  
from z e ro .  Thus u s in g  the  whole range  o f  s k e l e t a l  v a r i a t i o n  i n  the  
sample the  c o r r e l a t i o n s  do n o t  su p p o r t  H y p o th e s is  3 and th e r e  i s  no 
i n d i c a t i o n  t h a t  s k e l e t a l  age i s  r e l a t e d  to  improvement i n  IQ s c o re .
H v p o th es is  4
E a r ly  s k e l e t a l  m a tu re r s  w i l l  show a s i g n i f i c a n t l y  g r e a t e r  im­
provem ent on th e  MRT a d m in is te re d  d u r in g  th e  f i r s t  and l a s t  weeks o f  
P r o j e c t  Head S t a r t  th a n  w i l l  l a t e  s k e l e t a l  m a tu re r s ,  when age and sex 
a re  c o n t r o l l e d .
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T ab le  6 c o n ta in s  th e  m eans, s ta n d a rd  d e v ia t io n s  and d i f f e r e n c e s  
betw een th e  means f o r  the  p re  and p o s t  a d m in is t r a t io n s  o f  th e  MRT fo r  
b o th  E a r ly  and L a te  M atu re rs  a t  b o th  le v e l s  o f  sex  and ag e .
T ab le  6
M eans, S tan d a rd  D e v ia t io n s  and D if fe re n c e s  Between 
th e  Means f o r  th e  Pre and P o s t  Head S t a r t  
MRT M easurem ents
Mean Mean D if f . Mean Mean D if f .
R ead in ess R ead in ess R ead iness 1 R ead in ess
1 2 1 2
Age 5
E a r ly 5 6 .7 66 .7 1 0 .0 5 2 .3 6 0 .6 8 .3
M atur. (1 5 .1 ) (1 1 .7 ) (1 2 .7 ) (1 1 .0 )
L a te 5 6 .2 6 8 .9 12 .7 4 9 .1 6 1 .4 12.3
M atu r. (1 5 .2 ) (1 3 .3 ) (1 5 .2 ) (1 2 .2 )
Age 6
E a r ly 5 9 .5 6 8 .0 8 .5 4 9 .1 5 7 .7 8 .6
M atur. (1 1 .7 ) ( 9 .1 ) (1 5 .7 ) (1 6 .7 )
L a te 6 0 .6 6 7 .0 b .4 64 .7 7 4 .0 9 .3
M atu r. (2 3 .0 ) (2 3 .0 ) (1 7 .3 ) (1 5 .4 )
H y p o th e s is  4 i s  t e s t e d  by u s in g  th e  STCMA i n t e r a c t i o n .  T ab le  1. 
T h is  i s  th e  same i n t e r a c t i o n  t h a t  was a p p l ic a b le  to  t e s t i n g  H y p o th es is
3 . A gain  th e  F v a lu e  was .842 w hich  i s  n o t  s i g n i f i c a n t  and H y p o th es is  
4 i s  n o t  s u p p o r te d . None o f  th e  d i f f e r e n c e s  betw een th e  amount o f  g a in  
made by th e  E a r ly  M atu re rs  a s  opposed  to  th e  L a te  M a tu re rs  a re  s i g n i f i ­
c a n t .  As w i th  H y p o th es is  3 , a s e r i e s  o f  product-m om ent c o r r e l a t i o n s
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were perform ed  r e l a t i n g  th e  degree  o f  e a r l y  o r  l a t e  m a tu ra t io n  to  the  
amount o f  improvement on th e  MRT. These c o r r e l a t i o n  c o e f f i c i e n t s  a re  
p r e s e n te d  i n  Table  7.
Table  7
Product-Mbment C o r r e l a t i o n  C o e f f i c i e n t s  Between the  
Degree o f  E a r l y  and L a te  M a tu ra t io n  and the 
Amount o f  Change on th e  MRT
Males Females
Age 5 - .0 4 1 (n=20) - .3 0 0  (n=20)
Age 6 - .1 1 8 (n=20) + .0 9 0  (n=20)
A l l  o f  the  c o e f f i c i e n t s  approx im ate  a z e ro  c o r r e l a t i o n  and t h u s ,  
even  when th e  deg ree  o f  e a r l y  and l a t e  m a tu r a t i o n  i s  c o n s id e re d ,  H y p o th e s is  
4 i s  n o t  su p p o r te d  and th e r e  i s  no i n d i c a t i o n  o f  any r e l a t i o n s h i p  between 
s k e l e t a l  m a tu ra t io n  and th e  amount o f  improvement on the MRT.
The a n a l y s i s  o f  v a r i a n c e  y i e l d s  t h r e e  s o u rc e s  o f  v a r i a t i o n  
w hich a re  s i g n i f i c a n t  a t  th e  .01 l e v e l  o f  c o n f id e n c e .  F a c to r  M has  an 
F v a lu e  o f  4 7 .3 9  T able  1. M r e f e r s  to  th e  p r e  and p o s t  measurements 
c o l l a p s i n g  a c ro s s  b o th  l e v e l s  o f  sex ,  s k e l e t a l  ag e ,  c h ro n o lo g ic a l  age 
and t e s t .  Thus th e  s i g n i f i c a n c e  o f  M i n d i c a t e s  t h a t  th e re  i s  a s i g n i f i ­
c a n t  d i f f e r e n c e  betw een th e  s c o re s  on th e  p r e  and p o s t  measurements f o r  
b o th  t e s t s  added to g e t h e r .  The second f a c t o r  w hich i s  s i g n i f i c a n t  i s  
TM w hich  y i e l d s  an F v a lu e  o f  7 .2 2 8 . (T a b le  1 ) .  TM c l a r i f i e s  the  s i g n i ­
f i c a n c e  o f  th e  M f a c t o r .  Both f a c t o r s ,  I  and M, have two l e v e l s  r e p ­
r e s e n t e d  by s u b s c r i p t s  1 and 2 . Thus Tj  ^ and T£ r e f e r  to  the  DAM and
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MRT, r e s p e c t i v e l y .  L ik ew ise  and r e f e r  to  the  p re  and p o s t  m easure­
m en ts ,  r e s p e c t i v e l y .  The TM i n t e r a c t i o n  can  be an a ly zed  i n t o  ^
TgM^ 2  which i s  p r e s e n te d  in  Table 8.
Table 8
A n a ly s is  o f  th e  S i g n i f i c a n t  S ources  o f  
th e  A n a ly s is  o f  V a r ian c e
V ariance  i n
Source o f F
V a r i a t i o n Value P
^ l “ l , 2 8 .48 .01





T h is  i n t e r n a l  a n a l y s i s  a l lo w s  a com parison  between th e  mean 
p re  and p o s t  measurements o f  th e  TAM as  s e p a r a t e  from the  MRT. 2
y i e l d s  an F v a lu e  o f  8 .4 8  which i s  s i g n i f i c a n t .  Thus th e re  was a 
s i g n i f i c a n t  amount o f  improvement between th e  p re  and p o s t  mean IQ 's  
f o r  a l l  s u b j e c t s  c o n s id e re d  t o g e th e r .  The s i g n i f i c a n t  d i f f e r e n c e  i s  
i n  a p o s i t i v e  d i r e c t i o n  w i th  the  p o s t  mean IQ s i g n i f i c a n t l y  h ig h e r  
th a n  th e  p re  m easurem ent. T h is  i s  p r e s e n te d  g r a p h i c a l l y  i n  F ig u re  2.
T2 M1 2  y i e l d s  an  F v a lu e  o f  2 7 .50  w hich  i s  s i g n i f i c a n t  (T ab le  8 ) .  
T h is  i n d i c a t e s  t h a t  on th e  MRT the  sample a s  a whole perform ed  s i g n i f i ­
c a n t l y  d i f f e r e n t  on th e  p re  and p o s t  m easurem ents .  The d i f f e r e n c e  was
44
a g a in  i n  a p o s i t i v e  d i r e c t i o n  w i th  the p o s t  measurement b e in g  s i g ­
n i f i c a n t l y  h ig h e r  th a n  the  p r e  measurement (F ig u re  2 ) .
The mean v a lu e s  p r e s e n t e d  i n  F igu re  2 a re  th e  t ran s fo rm e d  
s c o r e s  so  as  to  make the  com parison  o f  the  IQ. and R ead iness  t e s t s  
c l e a r e r .
The d a ta  i n d i c a t e s  t h a t  on b o th  t e s t s  th e  sample o f  Head 
S t a r t  c h i l d r e n  improved s i g n i f i c a n t l y  between the  f i r s t  and second 
m easurem en ts .  None o f  th e  i n t e r a c t i o n s  in v o lv in g  s k e l e t a l  age a r e  
s i g n i f i c a n t .
R ead in ess






Pre P o s t
F ig .  2 .  T ransform ed Means f o r  P re and P o s t  Measurements 
IQ and R e a d in e ss  T e s t
The t h i r d  i n t e r a c t i o n  t h a t  was s i g n i f i c a n t  was TA which had 
an  F v a lu e  o f  1 0 .34 .  T h is  i n d i c a t e s  t h a t  when th e  p re  and p o s t  m easu re ­
m ents f o r  b o th  t e s t s  a re  combined th e re  was a s i g n i f i c a n t  d i f f e r e n c e  
betw een  th e  mean s c o re s  o b ta in e d  by the  5 and 6 y e a r  o ld  g ro u p s .
In  o r d e r  t o  c l a r i f y  th e s e  d a t a  f u r t h e r  i n t e r n a l  a n a l y s i s  o f  v a r i a n c e
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o f  th e  TA f a c t o r  was n e c e s s a r y  (Table  8 ) .
A t e s t  o f  the  d i f f e r e n c e  betw een the  5 and 6 y e a r  o ld  
g ro u p s  on J u s t  th e  DAM, T^Ai 2  y i e l d s  an F v a lu e  o f  7 .6 2  which 
i s  s i g n i f i c a n t  a t  th e  .01  l e v e l .  The tran s fo rm e d  mean f o r  the 
5 y e a r  o ld  group was 53 .2  and f o r  the  6 y e a r  o ld  g roup  4 7 .5 .  
T h is  i s  shown g r a p h i c a l l y  i n  F ig u re  3 .
MRT









F ig .  3 Transform ed Mean S co res  f o r  the  5 and 6 y ea r
Groups on th e  IQ T e s t  and R ead in ess  T e s t  ta k in g  
Both L e v e ls  o f  Measurement T o g e th e r .
T h is  i n t e r a c t i o n  in c lu d e s  b o th  th e  p re  and p o s t  m easurem ents added t o ­
g e t h e r .  S ince  TMA i s  n o t  s i g n i f i c a n t  i t  can be s a id  t h a t  th e  two age 
g roups  d id  n o t  d i f f e r  s i g n i f i c a n t l y  on e i t h e r  th e  p re  o r  p o s t  m easure­
m ents a lo n e  b u t  when c o n s id e re d  t o g e th e r  th e re  was a s i g n i f i c a n t  
d i f f e r e n c e .
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The t e s t  f o r  the  d i f f e r e n c e  between th e  5 and 6 y e a r  g roups 
on th e  MRT, 12^1,2  y i e l d s  an F v a lu e  o f  1 .11  which i s  n o t  s i g n i f i c a n t .  
T h is  i n d i c a t e s  t h a t  th e re  waa n o t  a s i g n i f i c a n t  d i f f e r e n c e  between 
th e  two age groups on the  MRT b u t  th e re  was on the  DAM. In  the  
c a se  o f  the  MRT the  t ra n s fo rm e d  mean f o r  the  5 y ea r  group was 4 9 .0  
and f o r  th e  6 y ea r  group 5 1 .1 .  While i t  seems to  be i n  th e  d i r e c t i o n  
o f  th e  6 y e a r  group h a v in g  the  h ig h e r  s c o r e ,  i t  i s  n o t  s i g n i f i c a n t .
F u r th e r  i n t e r n a l  a n a l y s i s  o f  the  TA i n t e r a c t i o n  p e rm i ts  a 
t e s t  o f  s ig n i f i c a n c e  betw een the  mean s c o re s  on the  DAM and the  MRT
f o r  b o th  age g ro u p s .  S ince  t ra n s fo rm e d ~ sc o re s  were used  f o r  the
a n a l y s i s  i t  becomes p o s s i b l e  to  compare the  mean perform ance on the  
DAM w i th  th e  mean perform ance  on the  MRT. For the  5 y ea r  group 
th e  mean IQ was 53 .2  and th e  mean R ead iness  sco re  4 9 .0 .  By g e t t i n g  
an F v a lu e  f o r  T^ 2 A1 the  s i g n i f i c a n c e  betw een th e se  means can be 
t e s t e d .  The F v a lu e  was 6 .122  which i s  s i g n i f i c a n t  a t  the  .05 l e v e l  
b u t  n o t  a t  the  .01 l e v e l  (Table  8 ) .  I f  the  .05 l e v e l  i s  a c c e p te d  
th e n  the  5 y e a r  group s c o re d  s i g n i f i c a n t l y  h ig h e r  on the  DAM th an
th e y  d id  on the  MRT.
P erfo rm ing  th e  same t e s t  f o r  th e  6 y e a r  group, 
y i e l d s  an F .v a lu e  o f  4 .3 0 3  w hich i s  a g a in  s i g n i f i c a n t  a t  the  .05 
l e v e l  b u t  n o t  the  .01 l e v e l .  The mean t ra n s fo rm e d  IQ sco re  f o r  the  
6 y e a r  group was 4 7 .5  and on the  MRT 5 1 .1 .  Thus a t  the  .05 l e v e l  
the  a n a l y s i s  i n d i c a t e s  t h a t  the  6 y e a r  group d id  s i g n i f i c a n t l y  b e t ­
t e r  on the  R ead iness  T e s t  th a n  on the  IQ t e s t .  F ig u re  3 d em onstra ted  
th e  t ra n s fo rm e d  mean d i f f e r e n c e s  f o r  the  two age groups on b o th  t e s t s .
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S ince  th e  TM i n t e r a c t i o n  (T ab le s  1 & 8) was s i g n i f i c a n t ,  and 
th e  f a c t o r s  o f  se x , ag e , s k e l e t a l  age d id  n o t  have any b e a r in g  on th e  
s i g n i f i c a n t  im provem ent t h a t  o c c u rre d  betw een  th e  p re  and p o s t  m easu re­
m ents on b o th  t e s t s ,  a s e r i e s  o f  p roduct-m om ent c o r r e l a t i o n s  betw een 
th e  o r i g i n a l  sc o re  o b ta in e d  and the  amount o f  change, w ere p erfo rm ed . 
The f i r s t  c o n s id e re d  i s  th e  DAM. T able 9 , c o n ta in s  the  c o r r e l a t i o n  
c o e f f i c i e n t s .
T able 9
C o r r e la t io n  C o e f f ic ie n t s  Between O r ig in a l  IQ and 
th e  Amount o f  Change on th e  P o s t  M easurement
r P
Age 5
(n=40) - .6 4 3 .01
Age 6
(n=40) - .6 7 4 .01
In  o rd e r  to  i n t e r p r e t  th e se  c o r r e l a t i o n s  a c c u r a te ly  i t  i s  n e c e s ­
s a r y  to  f in d  th e  c o r r e l a t i o n  c o e f f i c i e n t  betw een  p re  and p o s t  IQ s c o re s .  
These a re  p re s e n te d  in  T ab le  10 a lo n g  w ith  th e  means and s ta n d a rd  d e­
v i a t i o n s  f o r  each  g ro u p .
On the  b a s is  o f  th e se  c o r r e l a t i o n s  th e  low er th e  o r i g i n a l  IQ 
th e  g r e a t e r  was th e  in c re a s e  in  IQ sc o re  on th e  p o s t  m easurem ent fo r  
b o th  age g ro u p s . However, the  c o r r e l a t i o n  betw een  the  two m easurem ents 
i s  s i g n i f i c a n t l y  g r e a t e r  f o r  th e  6 y e a r  o ld s  in d i c a t in g  th a t  th e  5 
y e a r  o ld  group made a g r e a t e r  change betw een p re  and p o s t  m easurem ents. 
From th e  p re v io u s  a n a ly s e s  t h i s  change i s  in  a p o s i t i v e  d i r e c t i o n .
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T ab le  10
M eans, S ta n d a rd  D e v ia t io n s  and C o r r e la t io n  C o e f f ic ie n t s  






S. D. Mean S. D.
r




93 .3 15 .2  9 7 .5  1 0 .5 + . 186
Age
6
8 5 .1 1 7 .2  8 7 .1  12 .9 + .6 1 9
T able 11 c o n ta in s  th e  p roduct-m om ent c o r r e l a t i o n s  betw een  th e
o r i g i n a l  MRT sc o re and th e  amount o f  change on th e  p o s t  m easurem ent.
T ab le  11
C o r r e la t io n  C o e f f ic ie n t s  Between O r ig in a l  
MRT S core and th e  Amount o f  Change 




- .4 0 2  .01
Age 6 
(n=40)
- .4 1 1  .01
In  o rd e r  to  i n t e r p r e t  th e se  c o r r e l a t i o n s ,  as w ith  th e  IQ change 
c o r r e l a t i o n s ,  i t  i s  n e c e s s a ry  to  c o r r e l a t e  th e  p re  MRT s c o re s  w ith  the  
p o s t  MRT s c o r e s .  These c o r r e l a t i o n  c o e f f i c i e n t s ,  means and s ta n d a rd  
d e v ia t io n s  a re  p re s e n te d  in  T ab le 12.
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T ab le  12
C o r r e la t io n  C o e f f i c i e n t s ,  Means and S ta n d a rd  D e v ia t io n s  
f o r  P re and P o s t R e a d in e ss  T e s t  M easurem ents
R ead in ess
1
Mean S. D.
R ead in ess
2




53 .5 15 .1 6 6 .9 12 .5 + .8 5 0
Age 6 
(n=40)
5 8 .4 18 .0 64 .1 17 .8 + .8 8 6
U sing  th e  c o r r e l a t i o n s  p re s e n te d  In  T ables 11 and 12, I t  can 
b e _ s a ld  t h a t  th e  low er th e  o r i g i n a l  sco re  on th e  MRT th e  g r e a t e r  was 
th e  amount o f  change on th e  p o s t  m easurem ent. Both g roups a p p ea r to  
have changed ab o u t th e  same am ount.
CHAPTER V
DISCUSSION
T h is  r e s e a r c h  ev o lv ed  from th e  In c re a s in g  i n t e r e s t  in  th e  
l i t e r a t u r e  t h a t  c h ro n o lo g ic a l  age may n o t  be an e f f i c i e n t  m ethod o f 
Ju d g in g  an in d i v i d u a l 's  r e a d in e s s  o r  m a tu ra tio n a l  l e v e l .  Much e v i ­
dence h as  been  p r e s e n te d  fo r  th e  inadequacy  o f  c h ro n o lo g ic a l  age as 
an index  o f  m a tu ra t io n ,  and th e  need f o r  a s u b s t i t u t e  o r  a d ju n c t  method 
(E ic h o rn , 1963; F a lk n e r ,  1962; J e r s i l d ,  1960; Jo h n s to n , 1964; McCand- 
l e s s ,  19 6 1 ). The u se  o f  m en ta l age o r  IQ h as  been  th e  m ost common 
a d ju n c t  method o f  e v a lu a t in g  sch o o l r e a d in e s s ,  b u t  i t s  e f f e c t iv e n e s s  
d im in ish e s  when th e  c h i ld r e n  o f  co n ce rn  a re  from low so c io -eco n o m ic  
en v iro n m en ts  and may r e p r e s e n t  a c u l t u r a l l y  d e p riv e d  g roup .
H ypo theses 1 and 2 s ta t e d  t h a t  e a r ly  and l a t e  s k e l e t a l  
m a tu re rs  would n o t  d i f f e r  s i g n i f i c a n t l y  on an IQ t e s t  (DAM) and r e a d i ­
n e s s  t e s t  (MRT) a d m in is te re d  p r io r  to  P r o je c t  Head S t a r t .  These h y ­
p o th e se s  w ere su p p o r te d . I t  was assumed th a t  b o th  th e  E a r ly  and L ate  
M atu re rs  o f  t h i s  Head S t a r t  P r o je c t  w ere from a homogeneous e n v iro n ­
m en ta l b ackg round . T h e re fo re , b o th  g roups would have e x p e r ie n c e d  e s ­
s e n t i a l l y  th e  same k in d  o f  c u l t u r a l  d e p r iv a t io n  and would n o t  have 
had th e  n e c e s s a ry  e x p e r ie n c e s  fo r  th e  m a tu ra tio n a l  f a c to r  to  d i f f e r ­
e n t i a t e  them . Had H ypotheses 3 and 4 o f  t h i s  r e s e a r c h  been  su p p o r te d , 
th e  i n t e r p r e t a t i o n  o f  H ypotheses 1 and 2 would have been d i f f e r e n t .
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However, a l l  t h a t  can  be l e g i t i m a te ly  s a id  on th e  b a s i s  o f  th e  d a te  
c o l le c t e d  In  t h i s  s tu d y  I s  t h a t  E a r ly  and L a te  S k e le ta l  M atu re rs  o f  
c h ro n o lo g ic a l  ages 5 and 6 , from  a low so c io -ec o n o m ic  en v lro m en t, d id  
n o t  d i f f e r  s i g n i f i c a n t l y  on th e  DAM o r MRT.
H y p o th es is  3 p r e d ic te d  t h a t  th e  E a r ly  M a tu re rs  would d i f f e r  
s i g n i f i c a n t l y  on th e  DAM a d m in is te re d  a t  th e  end  o f  P r o je c t  Head 
S t a r t .  T h is  h y p o th e s is  was n o t  su p p o r te d . The assu m p tio n  u n d e r ly in g  
th e  h y p o th e s is  was t h a t  th e  E a r ly  group w ould be b e t t e r  a b le  to  a s ­
s im i la t e  th e  e x p e r ie n c e s  o f  P r o j e c t  Head S t a r t  and c o n se q u e n tly  w ould 
m a n ife s t  g r e a t e r  Im provem ent ( J e r s i l d ,  1960; W e iss , 1962).
H y p o th es is  A p r e d lc t e d  t h a t  th e  E a r ly  M a tu re rs  would show more 
Im provem ent on th e  MRT th a n  th e  L a te  M a tu re rs , The r a t i o n a l e  b eh in d  
t h i s  h y p o th e s is  was e s s e n t i a l l y  th e  same a s  f o r  H y p o th e s is  3 . The a s ­
sum ption  was t h a t  I f  e a r l y  s k e l e t a l  m a tu ra tio n  r e f l e c t e d  a s i t u a t i o n  
o f  more " p o te n t i a l  r e a d i n e s s , "  th e n  w ith  P r o j e c t  Head S t a r t  p ro v id in g  
th e  n e c e s s a ry  s t im u la t io n  f o r  t h i s  p o t e n t i a l  t o  be r e a l i z e d  th e  E a r ly  
M atu re rs  sh o u ld  be more n e a r ly  re a d y  fo r  th e  f i r s t  g rad e  a t  th e  end 
o f  P r o j e c t  Head S t a r t  th a n  th e  L a te  g ro u p . T h is  h y p o th e s is  was n o t  
su p p o rte d  by th e  d a ta .
T h is  r e s e a r c h  h a s  n o t  d em o n stra ted  t h a t  e a r l y  and l a t e  m a tu ra ­
t i o n  as  m easured by s k e l e t a l  age h as  any r e l a t i o n  to  th e  a b i l i t y  to  
a s s im i la t e  th e  k in d s  o f  e x p e r ie n c e  P r o je c t  Head S t a r t  p ro v id e d . As 
s t a t e d  In  C h ap te r 1 , o th e r s  have r e p o r te d  low b u t  p o s i t i v e  c o r r e l a t i o n s  
betw een th e  r a t e  o f  p h y s ic a l  m a tu ra t io n  and i n t e l l i g e n c e  (A b ern e th y , 
1925, 1936; F lo ry ,  1936; J o n e s ,  1958; K ugel, 1963; N o sie r  e t  a l . ,
1965 ). These s tu d ie s  have  d e a l t  w ith  two k in d s  o f  sam p les . T h e ir
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s u b je c t s  w ere c h i ld r e n  o f  " av e rag e  in t e l l i g e n c e "  from  m iddle to  u p p er 
so c io -ec o n o m ic  en v iro n m e n ts  o r  i n s t i t u t i o n a l i z e d  m e n ta l r e t a r d a t e s .
None h a s  s p e c i f i c a l l y  b een  concerned  w ith  a sam ple from  a low s o c io ­
econom ic s tra tu m  a s  h a s  th e  p r e s e n t  r e s e a r c h .
S in ce  in  th e  p r e s e n t  s tu d y  th e re  was no s i g n i f i c a n t  r e l a t i o n ­
s h ip  betw een s k e l e t a l  age and i n t e l l e c t u a l  l e v e l ,  th e  c r u c i a l  e le m e n t 
may be th e  e n v iro n m e n ta l s i t u a t i o n  o f  th e  sam ple . One co u ld  s p e c u la te  
t h a t  i n  an  en v iro n m en t w here th e r e  i s  a "norm al"  amount o f  e x p e r ie n c e  
a v a i l a b l e ,  e a r l y  and l a t e  m a tu re rs  do d i f f e r e n t i a t e  f u n c t i o n a l l y .  How­
e v e r ,  when th e r e  i s  a p a u c i ty  o f  e x p e r i e n t i a l  p o s s i b i l i t i e s ,  th e  op­
p o r tu n i ty  f o r  t h i s  d i f f e r e n t i a t i o n  may n o t  be p r e s e n t .  T h is  i s  w hat 
was s t a t e d  in  H y po theses 1 and 2 and was e s s e n t i a l l y  su p p o r te d . How­
e v e r ,  i f  a h ig h e r  l e v e l  o f  m a tu ra t io n  r e f l e c t s  th e  p o t e n t i a l  f o r  a 
h ig h e r  l e v e l  o f  f u n c t io n in g ,  th e re  sh o u ld  have b een  a g r e a t e r  amount 
o f  im provem ent in  th e  E a r ly  M a tu re rs .
To make c l e a r e r  th e  p o s s ib le  e x p la n a t io n s  o f  th e  r e s u l t s  ob­
ta in e d ,  th e  a d d i t i o n a l  f in d in g s  w i l l  be p re s e n te d  f i r s t .
P r o je c t  Head S t a r t  p ro v id e d  a s i t u a t i o n  in  w hich c h i ld r e n  
from  s o c io -e c o n o m ic a lly  d e p riv e d  f a m i l ie s  co u ld  have c e r t a i n  e d u c a t io n a l  
e x p e r ie n c e s .  In  an  e ig h t-w e e k  p e r io d ,  th e  c h i ld r e n  g a in e d  s i g n i f i c a n t l y  
on an  IQ m easure and a^  s c h o o l r e a d in e s s  t e s t .  The c o r r e l a t i o n s  betw een  
o r i g i n a l  IQ and th e  am ount o f  change t h a t  o c c u rre d  on th e  second IQ 
m easurem ent i n d i c a te  t h a t  th e  low er th e  o r i g i n a l  IQ, th e  g r e a t e r  th e  
ch an g e .
T h is  i s  a l s o  th e  ca se  f o r  th e  MRT. S in ce  th e r e  was n o t  a 
s i g n i f i c a n t  d i f f e r e n c e  betw een  E a r ly  and L a te  M atu ring  g ro u p s , th e  r e ­
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s u i t s  can  be d is c u s s e d  in  te rm s o f  c h ro n o lo g ic a l  age g ro u p s . The s t a n ­
d a rd  d e v ia t io n  on b o th  " t e s t s "  and fo r  b o th  age g ro u p s d e c re a se  from 
th e  p re  to  p o s t  m easu rem en ts. Along w ith  th e  n e g a t iv e  c o r r e l a t i o n s  
betw een o r i g i n a l  s c o re  and th e  amount o f  ch an g e , t h i s  can  be in t e r p r e te d  
a s  a " l e v e l l i n g "  e f f e c t  r a t h e r  th a n  a " r e g r e s s io n  tow ard  th e  mean" 
(A n a s ta s i  & F o le y , 1 9 4 9 ). The r e s u l t s  th e n  in d ic a te  t h a t  th o se  su b ­
j e c t s  w ith  low DAN I Q 's  and low MRT s c o re s  im proved more th a n  th o se  
w ith  h ig h  s c o r e s ,  and in  some c a se s  th e  h ig h  s c o re  s u b je c t s  d e c re a se d  
in  s c o re  on th e  second  m easurem ent.
One e x p la n a t io n  o f  t h i s  i s  t h a t  P r o je c t  Head S t a r t  i s  g ea re d  
a t  a c e r t a i n  l e v e l  and th o se  s u b je c t s  w ith  h ig h e r  I Q 's  and p e rh ap s  
from  l e s s  p s y c h o lo g ic a l ly  im poverished  homes may have e i t h e r  been  b o red  
and n o t  a b le  to  f u n c t io n  a d e q u a te ly  o r  w ere fo rc e d  to  a d a p t to  a low er 
l e v e l  o f  f u n c t io n in g  to  a d j u s t  s o c i a l l y  to  t h e i r  p e e rs  and te a c h e r .
T h is  r a i s e s  th e  q u e s t io n  o f  th e  a d v i s a b i l i t y  o f  d i f f e r e n t i a l l y  p la c in g  
c h i ld r e n  in  P r o j e c t  Head S t a r t  a c c o rd in g  to  IQ . I t  i s  p o s s ib le  t h a t  
th e re  sh o u ld  be c l a s s e s  g e a re d  a t  h ig h e r  l e v e l s  f o r  th o se  c h i ld r e n  o f  
h ig h e r  IQ 's  in  much th e  same way th a t  some e le m e n ta ry  s c h o o ls  a re  
o rg a n iz e d .
The 5 y e a r  o ld  group had s i g n i f i c a n t l y  h ig h e r  IQ 's  th a n  th e  
6 y e a r  o ld  g roup on p re  and p o s t  m easurem ents c o n s id e re d  to g e th e r .  How­
e v e r ,  th e  age g ro u p s  d id  n o t  d i f f e r  s i g n i f i c a n t l y  on th e  MRT even though 
6 y e a r  o ld s  d id  s c o re  h ig h e r .  On the  b a s is  o f  p re v io u s  r e s e a r c h ,  (B aer, 
1958; C a r t e r ,  1956; H i ld r e th  e t  a l . ,  1965; W eiss , 1962) th e  6 y e a r  group 
sh o u ld  have s c o re d  s i g n i f i c a n t l y  h ig h e r .  None o f  th e s e  s tu d ie s  c i t e d ,  
how ever, u sed  sam p les from  s o c io -e c o n o m ic a lly  d e p riv e d  e n v iro n m e n ts .
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A lthough  th e  d i f f e r e n c e  in  th e  amount o f  change made from th e  p re  to  
p o s t  m easurem ents i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  th e  two ch rono ­
lo g i c a l  age g ro u p s , by r e f e r r i n g  to  T ab les  4 and 6 , i t  can  be seen  
t h a t  in  each  in s ta n c e  th e  5 y e a r  group changed more th a n  th e  6 y e a r  
g ro u p . T h is  i s  t ru e  fo r  b o th  th e  IQ and R ead in ess  t e s t s .  S in ce  th e  
d i f f e r e n c e s  a re  n o t  s i g n i f i c a n t ,  th e y  can o n ly  be d is c u s s e d  as  a tr e n d  
o r  ten d en cy  tow ard s ig n i f i c a n c e .
S in ce  th e  two age g roups a re  from th e  same sam ple o f  c h i ld r e n ,  
i t  seems p la u s ib le  to  s p e c u la te  t h a t  th e  e n v iro n m e n ta l d e p r iv a t io n  th e y  
have e x p e rie n c e d  h as  had a more p ro found  e f f e c t  on th e  c h i ld r e n  th a t  
have a l re a d y  reac h ed  th e  s i x t h  y e a r th an  i t  h a s  had on th o se  t h a t  a re  
o n ly  5 y e a rs  o ld .
I t  has p r e v io u s ly b e e n  w e ll  e s ta b l i s h e d  e m p ir ic a l ly  t h a t  en ­
v iro n m en t can s e r io u s ly  i n t e r f e r e  w ith  i n t e l l e c t u a l  grow th and d ev e lo p ­
m ent. T h e re fo re , i t  seems re a s o n a b le  to  conclude  t h a t  th e  lo n g e r  th e  
ex p o su re  to  a s t e r i l e  and i n t e l l e c t u a l l y  r e s t r i c t e d  env ironm en t th e  
g r e a t e r  a re  th e  c r ip p l in g  e f f e c t s .  When th e  i n t e l l e c t u a l  s u p e r io r i t y  
o f  th e  5 y e a r  o ld s  over th e  6 y e a r  o ld s  i s  v iew ed in  t h i s  l i g h t ,  i t  
r a i s e s  a d d i t io n a l  q u e s tio n s  co n ce rn in g  p o s s ib le  d i f f e r e n c e s  betw een 
5 y e a r  o ld s  and younger c h i ld r e n .  Speer (1940) showed t h a t  c h i ld r e n  
r e a r e d  in  im poverished  homes by r e ta r d e d  m o thers  show a p r o g r e s s iv e ly  
d e c re a s in g  IQ from  age 1 to  age 13.
T h is  m igh t in d i c a te  t h a t  even more re w a rd in g  r e s u l t s  m igh t be 
ach iev ed  by expand ing  P r o je c t  Head S t a r t  o r  s im i la r  e d u c a t io n a l  e x p e r­
ie n c e s  to  younger a g e s , assum ing t h a t  such  in t e r v e n t io n  co u ld  be c a r ­
r i e d  o u t on a w ide enough s c a le  to  com pensate f o r  th e  im poverishm ent
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o f  th e  home.
I t  h a s  been  s t r e s s e d  th ro u g h o u t t h i s  p a p e r  th a t  m a tu ra tio n  
can  be i n t e r f e r e d  w ith  by e n v iro n m en t. I f  t h i s  i s  th e  c a s e , i t  m igh t 
v e ry  w e ll  be t h a t  th e  homogeneous backgrounds o f  th e  c h i ld r e n  in  t h i s  
s tu d y  d id  n o t  p ro v id e  th e  e s s e n t i a l  f a c to r s  w hich  p roduce f u n c t io n a l  
d i f f e r e n c e s  d i r e c t l y  r e l a t e d  to  m a tu ra t io n .  S in ce  th e  c u l t u r a l  im­
p o v erish m en t was so  p e rv a s iv e ,  th e  E a r ly  M a tu re rs  m igh t have had no 
r e a l  o p p o r tu n i ty  to  r e a l i z e  th e  in c re a s e d  c a p a c i ty  r e s u l t i n g  from 
advanced m a tu ra t io n .  P e rh ap s  t h i s  e x p la in s  why s tu d ie s  d e a l in g  w ith  
h ig h e r  so c io -eco n o m ic  g roups have found f u n c t io n a l  d i f f e r e n c e s  r e l a t e d  
to  m a tu ra t io n .
In  c o n c lu s io n , s k e l e t a l  age on th e  b a s i s  o f  t h i s  r e s e a r c h  does 
n o t  seem to  be u s e f u l  a s  a p r e d i c to r  o f  sc h o o l r e a d in e s s  f o r  c h i ld r e n  
betw een  th e  c h ro n o lo g ic a l  ag es  o f  5 and 6 from low so c io -ec o n o m ic  en ­
v iro n m e n ts . The r e s e a r c h  h a s  d em o n stra ted  a d ec id ed  d i f f e r e n c e  in  th e  
fu n c t io n in g  o f  th e  5 and 6 y e a r  o ld  g ro u p s . T h is  d i f f e r e n c e  i s  i n t e r e s t ­
in g  and i t s  im p l ic a t io n s  im p o r ta n t enough to  w a r ra n t  th e  s u g g e s tio n  o f  
f u r th e r  s tu d y  in  t h i s  a r e a .
CHAPTER VI 
SUMMARY
The p u rpose  o f  t h i s  r e s e a r c h  was to  e x p lo re  th e  p o s s ib le  u s e ­
f u ln e s s  o f  s k e l e t a l  age as  a p r e d ic to r  o f  sch o o l r e a d in e s s .  The l i t ­
e r a t u r e  s u g g e s ts  t h a t  m a tu ra t io n  I s  a c r u c i a l  v a r i a b le  In  s c h o o l r e a d i ­
n e s s  and th e  p r e s e n t  e d u c a t io n a l  system  r e l i e s  a lm o st e n t i r e l y  on 
c h ro n o lo g ic a l  age as  th e  Index  o f  m a tu ra t io n a l  l e v e l .  T h is  does n o t  
ta k e  In to  c o n s id e r a t io n  th e  I n d iv id u a l  c h i ld  and h i s  u n iq u e  r a t e  o f  
m a tu ra t io n .  The need  f o r  an  a d ju n c t  m easure o f  m a tu ra t io n a l  l e v e l  I s  
p r e s e n te d  In  th e  l i t e r a t u r e  and f in d in g  a u s e fu l  one c l e a r l y  h a s  w ide 
Im p l ic a t io n s  fo r  d ev e lo p m en ta l p sy c h o lo g y . S k e le ta l  age I s  one o f  
th e  b e s t  s in g le  p r e d i c to r s  o f  th e  r a t e  o f  p h y s ic a l  m a tu ra t io n  In  a 
g iv e n  c h i l d .  C o n seq u en tly , t h i s  r e s e a r c h  a ttem p ted  to  I n v e s t ig a te  
w h e th e r  I t  c o u ld  be u sed  a l s o  a s  an Index  o f  th o se  a s p e c ts  o f  m a tu ra ­
t i o n  w hich go In to  making up sc h o o l r e a d in e s s .  -  —
The s u b je c t s  fo r  th e  r e s e a r c h  w ere 80 c h i ld r e n  betw een  th e  
a g e s  o f  5 and 6 e n r o l l e d  In  P r o j e c t  Head S t a r t  In  C lev e lan d  C ounty, 
Oklahoma. On th e  b a s i s  o f  c a r p a l  X - ra y s ,  40 E a r ly  and 40 L a te  
M atu rers  w ere found and a d m in is te re d  th e  Goodenough Draw-A-Man T e s t 
(DAM) and th e  M e tro p o lita n  R ead in ess  T e s t  (MRT) p r i o r  to  and a f t e r  
th e  P r o j e c t  Head S t a r t  e x p e r ie n c e .  The s tu d y  p r e d ic te d  t h a t  th e  
e a r l y  s k e l e t a l  m a tu re rs  w ould be b e t t e r  ab le  to  a s s im i la te  th e  Head
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S t a r t  e x p e r ie n c e s  and w ould im prove more th an  th e  l a t e  s k e l e t a l  m a tu re rs . 
T h is  h y p o th e s is  was n o t  su p p o rte d  and th e  c o n c lu s io n  from t h i s  re s e a rc h  
I s  t h a t  w ith  c h i ld r e n  from d e p riv e d  soc io -eco n o m ic  en v iro n m en ts  w ith in  
th e  a v e ra g e  ra n g e  o f  I n te l l i g e n c e  betw een th e  c h ro n o lo g ic a l  ages o f  
5 and 6 , s k e l e t a l  age I s  n o t  a u s e f u l  p r e d ic to r  o f  a c h i l d ’s r e a d in e s s  
to  a s s im i l a t e  f i r s t  g rad e  e x p e r ie n c e s .
The d a ta  c o l l e c t e d  I n d ic a te  t h a t  P r o je c t  Head S t a r t  se rv e d  th e  
p u rpose  o f  p ro v id in g  th e se  u n d e rp r iv i le g e d  c h i ld r e n  w ith  th e  k in d s  o f  
e x p e r ie n c e s  t h a t  e n a b le d  them to  Improve s i g n i f i c a n t l y  on b o th  an  IQ 
m easure and a s c h o o l r e a d in e s s  t e s t  from  th e  f i r s t  to  l a s t  weeks o f  
th e  P r o j e c t ,  However, I t  a l s o  s u g g e s ts  t h a t  th o se  w ith  low er IQ 's  
I n i t i a l l y  im proved more th a n  th e  h ig h e r  IQ c h i ld r e n .  In  some c a se s  the  
h ig h e r  IQ c h i ld r e n  d e c re a se d  In  perfo rm ance on th e  second m easurem ents. 
T h is  r a i s e s  th e  q u e s t io n  o f  th e  a d v i s a b i l i t y  o f  d i f f e r e n t i a l l y  p la c in g  
c h i ld r e n  In  Head S t a r t  c l a s s e s  a c c o rd in g  to  IQ.
A f u r t h e r  f in d in g  o f  t h i s  r e s e a r c h  was t h a t  th e  5 y e a r  o ld  
g roup had  s i g n i f i c a n t l y  h ig h e r  IQ 's  and tended  to  b e n e f i t  more from 
th e  P r o j e c t  Head S t a r t  e x p e r ie n c e  th a n  th e  6 y e a r  o ld  g ro u p . T h is  
s u g g e s ts  t h a t  th e  a d d i t io n a l  y e a r  o f  exposu re  to  th e  c u l t u r a l l y  de­
p r iv e d  en v iro n m en t t h a t  th e  6 y e a r  o ld  group h as  e x p e r ie n c e d  h as  se rv ed  
to  f u r t h e r  d e c re a se  t h e i r  I n t e l l e c t u a l  le v e l  o f  f u n c t io n in g .  P o s s ib ly ,  
e x te n d in g  P r o j e c t  Head S t a r t  to  In c lu d e  c h i ld r e n  younger th a n  5 m ight 
p ro v e  even  more re w a rd in g .
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APPENDIXES
APPENDIX A
A p p l ic a b i l i ty  o f  th e  G re u lic h  and P y le Method to
T h is  S tudy
I t  h as  been p o in te d  o u t  in  th e  l i t e r a t u r e  t h a t  th e  r a t e  o f  
s k e l e t a l  developm ent v a r ie s  among p eo p le  o f  d i f f e r e n t  r a c e s ,  e ^ h  
seem ing to  have a d i f f e r e n t  norm (G re u lic h  & P y le , 1959; Low e t  a l . ,  
1964). For t h i s  re a so n  o n ly  C au casian  c h i ld r e n  b o rn  in  th e  U n ited  
S ta te s  w ere in c lu d e d  in  th e  sam p le . The G re u lic h  and Pyle s ta n d a rd s  
a re  b ased  on C aucasian  c h i ld r e n  b o rn  in  the  U n ited  S ta te s  o f  N orth 
European a n c e s t r y  and m o stly  from  s l i g h t l y  above av erag e  income fam i­
l i e s .  However, G re u lic h  and P y le s t a t e :
These s ta n d a rd s  can  be ex p ec ted  to  f i t  r e a s o n ­
a b ly  w e ll o th e r  c h i ld r e n  o f  com parable g e n e t ic  and 
e n v iro n m e n ta l background . . . t h a t  i s ,  th e  d eg ree  
o f  s k e l e t a l  developm ent o f  such  c h i ld r e n  w i l l  in  
g e n e ra l  co rresp o n d  r a t h e r  c lo s e ly  to  t h a t  i l l u s t r a ­
te d  by th e  s ta n d a rd  o f  th e  same sex and c h ro n o lo g i­
c a l  age in  the  A t la s .  There i s  no re a s o n  to  e x p e c t 
t h a t  th e y  w i l l  f i t  e x a c t ly  any o th e r  g ro u p , n o r i s  
i t  p o s s ib le  to  c o n s t r u c t  s ta n d a rd s  t h a t  w i l l  do so , 
u n le s s  each  i s  a s s ig n e d  so w ide an age ran g e  as  to  
re d u c e  v e ry  s e r io u s ly  i t s  v a lu e  in  th e  assessm en t- 
o f  in d iv id u a l  c h i ld r e n  . . . .
Because o f  g e n e t ic  d i f f e r e n c e s ,  c h i td r e n  grow 
and develop  a t  d i f f e r e n t  r a t e s ,  even when a d e q u a te ly  
n o u r ish e d  and n o t h an d icap p ed  by s e r io u s  i l l n e s s e s .
T here  a re  e a r ly -m a tu r in g  and la te -m a tu r in g  s t r a i n s  
in  o u r p o p u la t io n ,  in  a d d i t io n  to  th e  g r e a t  m a jo r­
i t y  who a r e ,  in  t h i s  r e s p e c t ,  in te rm e d ia te  betw een 
them . These d i f f e r e n c e s  a r e ,  o f  c o u rse , r e f l e c t e d  
in  s k e l e t a l  developm ent.
In  any c h ro n o lo g ic a l  age group in  a g iv e n  popq-
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l a t i o n ,  th e  r e l a t i v e  number o f  c h i ld r e n  who are  
f a s t ,  slow , o r  in te rm e d ia te  in  t h e i r  r a t e  o f  p h y s i­
c a l  developm ent w i l l  d e term ine  th e  a v e ra g e , the  mode, 
and ran g e  o f  s k e l e t a l  age o f  t h a t  g ro u p . I t  i s  q u i te  
u n l ik e ly  t h a t  th e se  v a r io u s  r a t e s  o f  developm ent w i l l  
o ccu r in  th e  same p ro p o r t io n s  in  r e p r e s e n ta t iv e  
g roups o f  c h i ld r e n  o f  th e  same c h ro n o lo g ic a l  age in  
any two o r  more d i f f e r e n t  p a r t s  o f  th e  U n ited  S ta t e s .
R eg io n a l d i f f e r e n c e s  in  th e  in c id e n c e  o f  i l l n e s s e s ,  
and n u t r i t i o n a l  in a d e q u a c ie s  t h a t  can  r e t a r d  the 
p h y s ic a l  grow th and developm ent o f  c h i ld r e n  con­
t r i b u t e  f u r th e r  to  p ro d u c in g  a m arked d i v e r s i t y  in  
th e  s k e l e t a l  s t a t u s  among c h i ld r e n  o f  th e  same sex 
and age in  d i f f e r e n t  p a r t s  o f  the  c o u n try . I t  i s  n o t  
s u r p r i s in g ,  th e r e f o r e ,  t h a t  no s in g le  s e t  o f  s k e l e t a l  
s ta n d a rd s  w i l l  f i t  them a l l  e q u a l ly  w e l l .  "
Burt s ta n d a rd s  do n o t have to  f i t  in  o rd e r  to  
p ro v id e  an ad eq u a te  a sse ssm en t o f  s k e l e t a l  s t a t u s .
Even though th e y  a re  somewhat o r  even  much advanced 
o r  r e ta r d e d  as com pared w ith  th e  r a t e  o f  s k e l e t a l  
developm ent o f  a group o f  c h i ld r e n  to  whom th ey  a re  
a p p l ie d ,  one can  s t i l l  u se  them to  d e te rm in e  how th e  
s k e l e t a l  s t a t u s  o f  any c h i ld  in  t h a t  group compares 
w ith  th e  o th e r s  o f  h i s  age and se x , a s  w e ll  as w ith  
th e  c h i ld r e n  on whom th e  s ta n d a rd s  a re  b a se d . I t  i s  
o f te n  more im p o rta n t to  know how a c h i ld  compares
d e v e lo p m e n ta lly  w ith  o th e rs  in  h i s  own p a r t i c u l a r
group th an  w ith  c h i ld r e n  o f  ou r R esearch  S e r ie s  
(1959, p .  4 0 ) .
In  t h i s  s tu d y  th e  i n t e r e s t  i s  in  how a g iv e n  c h i ld  com pares 
w ith  h i s  group and even  though the  sam ple chosen  d i f f e r s  from th e  
s ta n d a r d iz a t io n  sam ple, th e  te ch n iq u e  i s  a p p l ic a b le .  The Head S t a r t  
sample u sed  in  t h i s  r e s e a r c h  i s  from low income f a m i l ie s  w hich i s  
d i f f e r e n t  from th e  econom ic s t a t u s  o f  th e  G re u lic h  and P y le s ta n d a r d ­
i z a t i o n  g ro u p . G re u lic h  and Pyle (1959) r e p o r t  a s tu d y  by H. C.
S tu a r t  a t  th e  H arvard  S chool o f  P u b lic  H e a lth  in  B oston , w ith  c h i ld r e n
from a l e s s  p r iv i l e g e d  env iro n m en t th a n  t h e i r  sam ple. S t u a r t 's  r e ­
s u l t s  com pared w e ll  w ith  th o se  o f  th e  G re u lic h  and Pyle s tu d y  and w ith  
o n ly  one e x c e p tio n  th e  v a lu e s  he o b ta in e d  f e l l  w i th in  two s ta n d a rd  de­
v i a t i o n s  o f  the c o rre sp o n d in g  means G re u lic h  and P y le  o b ta in e d .
APPENDIX B
T able 13
Raw S co res  on Both A d m in is tra t io n s  o f
th e  M e tro p o li ta n  R ead in ess  T e s t ,  Grouped 
A cco rd ing  to  "M a tu ra tio n  L e v e l ,"
Sex and C h ro n o lo g ic a l Age
F em ales, Age 5, E a r ly  M atu re rs F em ales, Age 5, L a te M atu re rs
S u b je c t ' s 
Code No.
T e s t I  T e s t  I I S u b je c t 's  
Code No.
T e s t  I T e s t I I
61 59 68 71 28 42
62 82 80 72 53 67
63 39 51 73 36 57
64 35 59 74 60 73
65 52 50 75 80 87
66 59 71 76 29 47
67 54 66 77 62 59
68 50 63 78 51 64
69 53 58 79 49 63
70 40 40 80 43 55
F em ales , Age 6 , E a r ly  M atu re rs




F em ales, Age 6, L a te  M atu re rs















T ab le  13 (C on tinued )
F em ales, Age 6, E a r ly  M a tu re rs F em ales, Age 6, L ate M aturers
S u b je c t 's  
Code No.
T e s t  I T e s t  I I S u b je c t 's  
Code No.
T e s t  I Test
43 45 45 53 32 65
44 52 58 54 58 65
45 31 46 55 45 45
46 14 20 56 76 82
47 59 68 57 57 73
48 69 73 58 83 79
49 49 52 59 84 86
50 46 64 60 71 86
M ales, Age 5 , E a r ly  M a tu re rs M ales, Age 5, L a te  M atu re rs
S u b je c t 's  
Code No.
T e s t  I T e s t  I I S u b je c t 's  
Code No.
T e s t  I T est
1 33 61 11 22 34
2 31 52 12 46 66
3 69 82 13 54 65
4 65 73 14 44 71
5 74 77 15 62 67
6 45 46 16 81 88
7 49 55 17 58 77
8 70 77 18 64 71
9 68 74 19 67 74
10 63 70 20 64 76
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Table 13 (Continued)
M ales, Age 6, E g rly  M atu re rs M ales, Age 6 , L ate  M atu re rs
S u b je c t 's  
Code No.
T e s t  I T e s t  I I S u b je c t 's  
Code No.
T e s t I T e s t
21 72 70 31 84 79
22 80 86 32 48 66
23 56 70 33 32 41
24 57 63 34 65 80
25 63 64 35 83 85
26 48 63 36 15 19
27 66 78 37 49 59
28 63 72 38 71 83
29 36 51 39 90 88
30 54 63 40 69 78
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Table 14
Raw S co res  on Both A d m in is tra tio n s  o f  
th e  Goodenough Draw-A-Man IQ T e s t
F em ales, Age 5 , E a r ly  M atu re rs F em ales, Age 5 , L a te M atu rers
S u b je c t 's  
Code No.
T e s t I T e s t  I I S u b je c t 's  
Code No.
T e s t  I T e s t
61 124 92 71 76 95
62 117 110 72 106 103
63 97 86 73 100 110
64 75 94 74 88 86
65 101 103 75 112 96
66 91 101 76 111 108
67 91 97 77 85 78
68 69 101 78 81 83
69 69 118 79 86 92
70 87 101 80 100 93
F em ales, Age 6 , E a r ly M atu re rs Fem ales, Age 6, L a te M atu rers
S u b je c t 's  
Code No.
T e s t I T e s t  I I S u b je c t 's  
Code No.
T e s t  I T e s t
41 109 95 51 104 97
42 68 70 52 80 81
43 88 97 53 77 83
44 103 92 54 90 104
45 65 85 55 69 74
46 60 82 56 116 121
47 92 90 57 113 97
70
Table 14 (Continued)
F em ales, Age 6, E a r ly  M a tu re rs Fem ales, Age 6 , L a te M atu re rs
S u b je c t 's  
Code No.
T e s t  I T e s t  I I S u b je c t 's  
Code No.
T e s t  I T e s t
48 82 65 58 63 88
49 78 84 59 91 96
50 81 86 60 81 79
M ales, Age 5, E a r ly  M atu re rs M ales, Age 5 , L a te  M atu re rs
S u b je c t 's  
Code No.
T e s t  I T e s t  I I S u b je c t 's  
Code No.
T e s t  I T e s t
1 78 110 11 103 113
2 75 111 12 83 85
3 120 123 13 101 103
4 109 93 14 99 88
5 77 88 15 99 108
6 74 97 16 93 90
7 87 85 17 86 100
8 84 81 18 116 88
9 85 86 19 84 99
10 124 99 20 89 107
M ales, Age 6, E a r ly  M a tu re rs M ales, Age 6, L a te  M atu re rs
S u b je c t 's  
Code No.
T e s t  I T e s t  I I S u b je c t 's  
Code No.
T e s t  I T e s t
21 72 70 31 81 80
22 108 79 32 103 112
23 118 104 33 74 64
24 71 69 34 92 74
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Table 14 (Continued)
M ales, Age 6, E a r ly  M a tu re rs  
S u b je c t 's  T e s t  I  T e s t  I I
M ales, Age 6 , L a te  M atu re rs  
S u b je c t 's  T e s t I  T e s t  I I
Code No. Code No.
25 87 85 35 83 88
26 30 80 36 81 83
27 71 69 37 73 79
28 104 106 38 84 100
29 84 99 39 91 96
30 90 96 40 97 87
72
Table 15
C h ro n o lo g ic a l Âge and S k e le ta l  Âge
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